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ABSTRACT 

Soil  invertebrates  were  collected  from  a  historically  pesticide  free  cornfield  and  an  adja¬ 
cent  conventionally  farmed  cornfield  in  the  spring  and  fall  of  1991,  1992,  and  1993. 
Thirty-seven  taxa  were  identified  from  the  42  samples  collected  over  the  3  year  period. 
Both  density  and  diversity  were  significantly  lower  in  the  conventionally  farmed  corn.  A 
distinct  soil  invertebrate  community  was  present  in  the  pesticide  free  corn  dominated  by 
springtail  saprophages  compared  to  mites  in  the  conventionally  farmed  cornfield.  More 
predators  and  crop  feeding  invertebrates  were  present  in  the  pesticide  free  corn.  In  terms 
of  density  and  diversity,  the  soil  invertebrate  community  was  more  robust  in  the  pesticide 
free  corn. 


INTRODUCTION 

Widespread  use  of  insecticides  and  herbicides  has  greatly  benefited  agriculture  but  also 
has  led  to  many  problems.  One  of  the  more  important  biological  issues  is  that  these  bio¬ 
cides  may  deplete  invertebrates  against  which  the  chemicals  are  not  directed  and  which 
may  be  otherwise  beneficial  (Edwards  and  Thompson  1973).  More  than  500,000  tons  of 
pesticides  are  produced  annually  for  application  in  United  States  agroecosystems  to  con¬ 
trol  insect  pests,  plant  pathogens,  and  undesirable  plants.  As  little  as  1  %  of  these  may 
actually  affect  the  target  organisms  (Pimentel  and  Edwards  1982).  Many  soil  inverte¬ 
brates  are  important  for  the  maintenance  of  nutrient  cycles  within  the  soil  (Linden  et  al. 
1994). 

Early  studies  of  pest  control  in  agroecosystems  dealt  with  pesticides  and  their  ability  to 
eliminate  all  insects  regardless  of  trophic  guild.  Currently  more  is  known  about  the  long 
term  affect  of  chemical  inputs,  such  as  insect  resistance,  ground  water  contamination,  and 
overall  degradation  of  the  agroecosystem.  As  a  result,  alternate  solutions  to  the  insect 
pest  problem  have  taken  many  different  tacts.  More  recent  studies  involved  cultural  and 
biological  controls  (Risch  et  al.  1986,  Kogan  1986),  cover  cropping  and  crop  rotation 
(Brust  and  King  1994,  House  and  Alzugary  1989),  and  effects  of  tillage  practices  (Stinner 
and  House  1990,  Stinner  et  al.  1986,  Blumberg  and  Crossley  1983)  on  insect  populations. 


2 


An  opportunity  to  look  at  invertebrate  community  structure  in  a  chemical-free  agroeco¬ 
system  presented  itself  with  the  identification  of  the  Allison  farm  located  near  Macomb, 
Illinois.  This  farm  had  been  cropped  without  pesticide  use  since  first  tilled.  The  objec¬ 
tives  of  this  study  were  to  evaluate  invertebrate  community  composition,  differences  in 
seasonal  trends  in  community  structure,  and  differences  in  the  trophic  guilds  of  the 
invertebrates  as  compared  to  an  adjacent  farm  using  standard  agricultural  practices 
including  biocide  use. 


SITE  DESCRIPTION 

The  historically  pesticide-free  Allison  farm  is  located  at  R3W,  T8N,  Sec  20,  El/2.  SE1/4, 
Point  Pleasant  Township,  Warren  County,  Illinois.  The  tillable  portion  of  the  farm  con¬ 
sists  of  4  plots  totaling  77  acres.  Samples  for  soil  invertebrates  were  collected  from  a  21- 
acre  corn  plot.  A  conventionally  tilled  cornfield  of  80  acres  was  used  for  comparison.  It 
was  located  just  across  a  dirt  road  from  the  pesticide-free  plot  to  the  east.  Prevailing 
winds  from  the  southwest  prevented  pesticide  drift  from  delivering  pesticides  to  the  pes¬ 
ticide  free  fields.  The  soil  at  both  locations  is  geologically  part  of  the  same  map  unit,  i.e., 
a  Sable  silty  clay  loam  (Fine-silty,  mixed,  mesic  Typic  Haplaquolls).  This  is  poorly 
drained  soil,  so  both  fields  have  been  drained  by  tiling  for  farming.  The  only  significant 
difference  between  the  two  collection  sites  is  the  management  systems  employed  since 
these  soils  were  brought  into  production. 

MATERIALS  AND  METHODS 

Soil  samples  were  taken  using  a  7.6  cm  soil  core  sampler  (Edwards  1991).  A  set  of  6 
samples  was  taken  randomly  from  each  field  7  times  over  a  3-year  period.  Samples  were 
taken  from  each  field  during  the  early  growing  season  of  corn  (late  June,  early  July)  and 
immediately  before  corn  was  harvested  (mid-September)  from  1991  through  1993.  A  set 
of  samples  was  taken  from  each  field  prior  to  planting  com  in  1992. 

Soil  samples  were  individually  weighted  in  the  laboratory  to  the  nearest  0.01  g.  A  small 
amount  of  soil  from  each  sample  was  placed  in  a  small  aluminum  dish,  weighed,  and  then 
placed  in  a  120°  oven  for  48  hrs.  Weights  of  the  dried  soil  were  taken  and  dry  soil  weight 
extrapolated  for  the  entire  sample. 

Three  of  the  6  soil  samples  from  each  field  and  date  were  placed  in  Berlese  funnel 
extractors  (Edwards  1991)  and  allowed  to  sit  for  48  hrs.  Invertebrates  extracted  in  the 
Berlese  funnels  were  preserved  in  95%  ethyl  alcohol.  A  few  drops  of  Biebrich  Scarlet- 
Eosin  B  stain  were  added  to  each  sample  to  color  the  invertebrates,  making  sorting  and 
identification  easier  (Williams  1974).  The  3  remaining  samples  were  washed  through  a 
no.  30  (500  u )  sieve  bucket  (Edwards  1991)  and  the  invertebrates  collected  by  hand  sort¬ 
ing. 

Each  sample  was  placed  in  a  dissecting  pan  sorted  at  3X  with  the  aid  of  a  magnifying 
lamp.  Invertebrates  were  mounted  on  slides  and  identification  was  made  to  the  lowest 
recognizable  taxonomic  level.  Density  was  expressed  as  the  number  of  individuals  per 
kilogram  of  dry  soil.  Invertebrates  were  keyed  and  trophic  guilds  determined  using  Bor- 
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ror  et  al.  (1976),  Curran  et  al.  (1989),  Dillon  and  Dillon  (1972),  Eddy  and  Hodson  (1982), 
Peterson  ( 1 960,  1962). 

Invertebrate  community  structure  was  evaluated  using  Simpson’s  index  of  diversity  cal¬ 
culated  using  densities  and  trophic  guild  relationships  (Brower  et  al.  1990).  Analysis  of 
variance  was  used  to  show  differences  between  invertebrate  communities  in  terms  of  the 
fields  and  dates.  Pearson  chi-square  was  used  to  show  differences  between  trophic  guild 
frequencies  according  to  habitat. 


RESULTS 

A  total  of  42  samples  was  taken  from  each  site  over  the  sampling  period.  Thirty-seven 
taxa  and  invertebrates  were  identified  from  the  soil  samples,  26  in  the  conventional  com 
(Table  1)  and  31  in  the  pesticide  free  com  (Table  2).  Twenty  of  the  taxa  were  common  to 
both  fields,  while  1 1  were  found  only  in  the  conventional  corn  and  6  only  in  the  pesticide 
free  corn. 

The  conventional  corn  habitat  had  invertebrate  densities  ranging  from  0.92/kg  of  dry  soil 
in  June  of  1991  to  9.09/kg  of  dry  soil  in  September  of  1991  (Table  1).  Saprophages  and 
predators  accounted  for  the  largest  proportion  of  the  community  through  the  study.  At 
peak  densities  saprophages  constituted  70%  of  the  community  and  predators  another 
25%.  The  major  saprophages  were  orbabatid  mites  (Table  1).  The  primary  predators 
throughout  the  study  were  mesostigmatid  mites  and  lithobiomorphid  centipedes  Table  1). 
Though  crop  feeders  were  not  present  during  1991,  they  were  abundant  in  1992  account¬ 
ing  for  no  less  than  12%  of  the  organisms  present.  Polyphages  were  also  abundant  during 
this  year  but  were  absent  or  represented  by  only  a  few  during  1991  and  1993.  Organism 
density  during  1992  was  generally  lower  than  in  the  other  2  years  of  sampling. 

The  pesticide  free  corn  had  soil  invertebrates  densities  which  were  significantly  higher 
than  in  the  convention  corn  ranging  from  3.11  organisms  kg  dry  soil  in  July  of  1993  to 
33.25  kg  dry  soil  in  September  of  1991  (Table  2).  About  half  of  the  density  in  the  June 
1991  sample  was  due  to  a  phoridid  which  is  considered  a  parasite  to  other  insects.  As  in 
the  conventional  corn  the  dominant  trophic  guild  throughout  the  sample  period  was  the 
saprophages  accounting  for  61  to  86%  of  the  density.  However,  unlike  the  mite  domi¬ 
nated  conventional  corn,  the  pesticide  free  corn  was  dominated  by  springtails  throughout 
the  study  period.  Also  crop  feeders  were  present  in  the  pesticide  free  samples  through  the 
study  period  sometimes  accounting  for  as  much  as  10%  of  the  invertebrate  density. 

There  was  a  wide  range  in  the  number  of  taxa  present  at  the  two  treatment  sites  from  3  in 
conventional  corn  during  June  1991  to  21  in  the  pesticide  free  corn  in  September  of  1991. 
In  spite  of  the  range  in  number  of  taxa  between  sampling  dates  and  treatment  sites,  there 
were  some  consistencies  in  calculated  diversity  indices.  Both  the  highest  and  lowest  taxa 
diversity  occurred  in  1992  in  the  convention  corn  treatment,  a  Simpson’s  diversity  of 
0.907  occurred  in  September  and  0.604  in  June  respectively  (Table  3).  A  consistent  trend 
in  diversity  occurred  through  the  study  period  with  significantly  lower  (p  =  0.05)  diversi¬ 
ties  in  June  compared  to  higher  diversities  in  September  samples.  There  was  no  signifi¬ 
cant  difference  between  any  of  the  years  within  the  June  or  September  samples  or 
between  the  treatments. 
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Trophic  guild  diversity  using  Simpson’s  index  was  also  tested  (Table  3).  Trophic  guild 
diversity  varied  between  dates  in  the  pesticide  free  corn  and  conventional  corn.  While 
these  differences  were  significant  in  all  but  2  dates,  September  of  1991  and  April  1992, 
there  was  no  consistent  trend  between  treatments.  The  highest  trophic  diversity,  0.725, 
occurred  in  the  conventional  corn  treatment  in  September  of  1992  just  as  the  highest  taxa 
diversity  had.  Trophic  diversity  was  also  high  in  the  pesticide  free  corn  in  June  of  1991 
and  1992. 


DISCUSSION 

Soil  invertebrate  densities  related  most  to  the  date  the  samples  were  taken.  Samples  from 
both  the  pesticide  free  corn  and  the  conventional  corn  always  had  lower  densities  in  the 
early  season,  April,  June,  July.  Densities  in  the  September  samples  were  about  3  times 
higher  than  those  in  the  early  season.  Arthropod  and  phytophagous  insect  density  has 
been  shown  to  increase  in  old  fields  between  June  and  September  (Suttman  and  Barrett 
1979).  The  number  of  taxa  present  followed  the  same  pattern  as  density.  The  density 
from  June  to  September  was  the  result  of  larger  numbers  of  saprophages  and  predators, 
primarily  springtails  and  mites.  Brust  and  King  (1994)  found  that  predators  peaked  in 
August.  Because  herbicides  destroy  the  microhabitat  of  soil  invertebrates,  one  would 
expect  weed  buildup  in  pesticide  free  corn  to  contribute  to  many  more  predatory  species 
(Brust  and  King  1994).  This  was  observed  in  this  study.  In  addition,  crop  feeders, 
including  sminthurid  springtails,  midge  larvae,  and  scarabid  beetles,  occurred  in  the  pes¬ 
ticide  free  com. 

Although  conventional  corn  had  the  same  density  and  diversity  patterns,  overall  density 
was  significantly  lower.  Brust  and  King  (1994),  Suttman  and  Barrett  (1979),  and  House 
and  Alzugaray  (1989)  showed  lower  numbers  of  invertebrates  in  conventional  corn  com¬ 
pared  to  reduced  chemical-use  farms.  In  conventional  corn,  the  higher  September  densi¬ 
ties  were  due  to  larger  numbers  of  saprophages  such  as  oribateid  mites  and  onychiurid 
springtails.  This  is  similar  to  the  findings  of  Edwards  and  Thompson  (1979)  who  demon¬ 
strated  that  with  increased  chemical  use  the  numbers  of  predatory  mites  decreased  while 
oribatid  mites  numbers  increased.  It  has  also  been  shown  that  outbreaks  of  scavenging 
oribatid  mites  may  occur  after  cornfields  are  sprayed  (Risch  et  al.  1986).  Though  density 
was  low  in  the  conventional  corn  treatment,  number  of  taxa  in  the  September  samples 
was  often  high  primarily  due  to  occurrence  of  onychiurid  springtails  and  mesostigmatid 
mites.  Conventional  tillage  can  expose  invertebrates  to  unfavorable  conditions  while 
redistributing  some  invertebrates  deeper  in  the  soil  (House  and  Alzugaray  1989). 

Diversity,  a  measure  of  community  structure,  is  higher  in  more  complex  communities. 
High  diversities  occurred  in  the  pesticide  free  corn  later  in  each  year.  Although  this  site 
is  a  monoculture  in  terms  of  agricultural  practices,  weedy  vegetation  constituted  a  large 
portion  of  the  overall  plant  community  due  to  the  lack  of  herbicide  use.  Lack  of  insecti¬ 
cides  and  herbicides  allow  for  a  more  diverse  invertebrate  community.  The  more  diverse 
plant  community  created  larger  numbers  of  microhabitats  for  many  different  inverte¬ 
brates. 
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Soil  invertebrate  taxa  diversity  did  not  fluctuate  greatly  in  the  conventional  corn.  Low¬ 
ered  populations  and  taxa  composition  of  all  types  of  invertebrates  were  observed  in  con¬ 
ventional  cornfields.  Whitford  et  al.  (1982)  illustrated  that  the  decomposition  rate  of 
creosote  bush  litter  was  reduced  dramatically  after  chlordane  treatment  killed  virtually  all 
of  the  insects  and  mites.  A  well-balanced  soil  invertebrate  community  is  an  essential  part 
of  the  soil  ecosystem.  The  soil  invertebrate  community  decomposes  crop  residues  to 
form  humus  and  recycle  mineral  nutrients  for  succeeding  crops.  This  process  is  vital  and 
associated  with  high  quality,  productive  soils  (Linden  et  al.  1994).  Differences  in  inver¬ 
tebrate  diversity  in  both  treatments  in  June  of  1992  were  probably  the  result  of  an  unusu¬ 
ally  dry  spring.  Due  to  the  dominance  of  saprophages,  trophic  guild  diversity  was  lower 
than  taxa  diversity. 

The  maintenance  of  the  pesticide  free  tillage  practice  has  resulted  in  a  larger  more  diverse 
population  of  soil  invertebrates,  particularly  mites.  Our  data  also  lends  support  to  the 
recognition  of  chemical-free  farming  producing  a  more  healthy  soil  ecosystem. 
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Table  1.  Density  of  soil  invertebrates  collected  in  the  spring  and  fall  from  1991  to  1993 
in  conventionally  farmed  com.  Trophic  guild  identification  numbers  are: 

1  =  plant  feeders,  2  =  predators,  3  =  crop  feeders,  4  =  saprophages,  5  =  parasites, 
6  =  pollinators,  10  =  gall  formers,  12  =  polyphages. 


Taxa 

ID 

No. 

Taxa 

Trophic 
Guild 
I.D.  No. 

6/91 

9/91 

De 

Conv( 
4/92 
nsity  as 

mtional 

6/92 

No./kg 

-Com 

9/92  |  7/93 
of  dry  soil 

9/93 

2 

Phoridae 

5 

0.13 

3 

Cecidomyiidae 

3 

0.17 

0.13 

6 

Sciaridae 

4 

0.49 

• 

9 

To 

Cecidomyiidae(larva) 

10 

0.17 

0.16 

0.31 

0.13 

Oribatei 

4 

2.34 

0.60 

0.68 

0.32 

1.79 

11 

Myrmicinae 

1 

0.34 

0.12 

12 

Campodeidae 

4 

0.42 

14 

Japygidae 

4 

0.22 

17 

Poduridae 

4 

0.26 

0.32 

18 

Staphylinidae 

12 

0.22 

0.13 

0.13 

0.12 

19 

Onychiuridae 

4 

1.55 

0.65 

0.13 

20 

Mesostigmata 

2 

1.06 

0.43 

0.25 

22 

Isotomidae 

4 

0.34 

24 

Oligocheta 

4 

0.48 

2.10 

0.27 

25 

Sminthuridae 

3 

0.29 

31 

Staphylinidae(larvae) 

12 

0.13 

0.13 

33 

Fungivoridae(larva) 

4 

0.43 

0.12 

0.13 

34 

Trupaneidae(larva) 

3 

0.17 

0.18 

38 

Lithobiomorpha 

2 

1.19 

39 

Scarabaeidae 

3 

0.12 

45 

Drosophilidae 

4 

0.14 

46 

Coccidellidae(larva) 

2 

0.37 

0.12 

47 

Erotylidae 

4 

0.12 

48 

Melyridae(larva) 

12 

0.12 

0.13 

49 

Aphididae 

3 

0.13 

66 

Cicadellidae 

3 

0.13 

Total  Density 

0.92 

9.09 

1.74 

1.16 

3.69 

0.95 

3.56 
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Table  2.  Density  of  soil  invertebrates  collected  in  the  spring  and  fall  from  1991  to  1993 
in  a  historically  pesticide  free  cornfield.  Trophic  guild  identification  numbers 
are: 

1  =  plant  feeders,  2  =  predators,  3  =  crop  feeders,  4  =  saprophages,  5  =  parasites, 
6  =  pollinators,  10  =  gall  formers,  12  =  polyphages. 


Taxa 

ID 

No. 

Taxa 

Trophic 
Guild 
I.D.  No. 

6/91 

Without 
9/91  |  4/92 
Density  as 

Pesticides-Com 

6/92  |  9/92  |  7/93 
No./kg  of  dry  soil 

9/93 

1 

Geophilomorpha 

2 

0.13 

2 

Phoridae 

5 

2.69 

0.36 

0.15 

3 

Cecidomyiidae 

3 

0.66 

0.40 

0.14 

4 

Chrysomelidae 

3 

0.22 

0.52 

0.47 

6 

Sciaridae 

4 

0.27 

0.18 

0.16 

0.58 

0.45 

0.76 

7 

Carabidae(larva) 

2 

0.16 

0.22 

0.14 

8 

Ponerinae 

2 

1.10 

9 

Cecidomyiidae(larva) 

10 

0.14 

0.37 

0.35 

0.86 

1.62 

10 

Oribatei 

4 

5.44 

0.59 

0.15 

11 

Myrmicinae 

1 

0.16 

12 

Campodeidae 

4 

0.96 

0.21 

0.14 

13 

Entomobryidae 

4 

0.14 

14 

Japygidae 

4 

0.12 

0.18 

17 

Poduridae 

4 

0.12 

2.68 

0.21 

0.15 

18 

Staphylinidae 

12 

0.52 

1.02 

0.14 

0.36 

0.29 

0.28 

19 

Onychiuridae 

4 

0.24 

9.22 

0.16 

2.01 

2.80 

1.47 

2.13 

20 

Mesostigmata 

2 

4.35 

0.88 

0.15 

1.01 

0.53 

21 

Delphacidae 

3 

0.14 

22 

Isotomidae 

4 

0.36 

3.27 

0.16 

0.72 

1.75 

0.45 

1.76 

23 

Galumnidae 

4 

0.69 

24 

Oligocheta 

4 

1.67 

0.16 

0.94 

25 

Sminthuridae 

3 

0.16 

0.37 

26 

Symphyla 

3 

0.20 

0.28 

37 

Chrysomelidae(larva) 

3 

0.14 

38 

Lithobiomorpha 

2 

0.14 

45 

Drosophilidae 

4 

0.16 

47 

Erotylidae 

4 

0.79 

0.15 

0.76 

49 

Aphididae 

3 

0.40 

63 

Chilopoda 

2 

0.14 

66 

Cicadellidae 

3 

0.65 

70 

Anthophoridae 

6 

0.22 

Total  Density 

5.75 

133.25 

13.25 

3.45 

110.58 

3.11 

9.15 
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Table  3.  Taxa  and  trophic  diversity  of  soil  invertebrates  collected  from  a  conventionally 
farmed  cornfield  and  a  historically  pesticide  free  cornfield. 

INVERTEBRATE  DIVERSITY  IN  SOIL  CORE  SAMPLES 


6/91 

9/91 

Sampling  Dates 
|  4/92  |  6/92  |  9/92 

7/93 

9/93 

WITHOUT  PESTICIDES  -  Com 

Density  (#/kg  dry  soil) 

5.75 

33.25 

|  3.25 

|  3.45 

|  10.58 

3.11 

9.15 

Number  of  Taxa 

13 

21 

!  io 

|  7 

!  12 

7 

13 

Taxa  Diversity  (Ds) 

0.749 

0.857 

0.854 

0.610 

0.864 

0.721 

0.856 

Number  of  Guilds 

6 

7 

1  4 

|  4 

I  6 

3 

5 

Trophic  Diversity  (Ds) 

0.649 

0.428 

0.646 

1  0.294 

|  0.497 

0.253 

0.583 

CONVENTIONAL  -  Com 

Density  (#/kg  dry  soil) 

0.92 

9.09 

|  1.74 

|  1.16 

|  3.69 

0.95 

3.56 

Number  of  Taxa 

3 

8 

6 

j  4 

!  15 

5 

10 

Taxa  Diversity  (Ds) 

0.620 

0.818 

|  0.777 

|  0.604 

|  0.907 

0.766 

0.714 

Number  of  Guilds 

2 

4 

|  4 

1  2 

6 

4 

5 

Trophic  Diversity  (Ds) 

0.368 

0.453 

|  0.594 

1  0.418 

i  0.725 

0.572 

0.374 
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ABSTRACT 

Silene  ovata  is  a  perennial  species  in  the  pink  family  characterized  by  cauline  leaves  that 
are  ovate  and  clasping  and  flowers  with  deeply  notched  petals,  each  petal  often  with  8 
segments.  This  species  is  state  endangered  and  only  occurs  in  Hardin  County  in  extreme 
southeast  Illinois.  Five  populations  were  surveyed  twice  in  1998  and  a  sixth  population 
was  surveyed  once  in  2000.  A  total  of  3612  plants  were  sampled,  with  93%  of  the  plants 
in  two  populations.  Plants  tended  to  be  multi-stemmed.  Over  one-half  of  the  plants  that 
were  surveyed  in  June  1998  flowered  the  following  September,  but  capsules  were  only 
produced  at  the  Sturgeon  Hill  population.  The  most  consistent  features  of  the  habitat 
were  upland  forest  of  varying  moisture  regimes,  moderate  to  steep  slopes,  often  very 
rocky  with  cliffs  and  slide  blocks  common,  shallow  loess-derived  soils  above  sandstone 
rock,  and  a  soil  pH  between  5.8  and  6.2. 


INTRODUCTION 

Silene  ovata  Pursh,  ovate  catchfly,  is  a  rare  member  of  the  Caryophyllaceae  or  pink  fam¬ 
ily.  Friedrick  Pursh,  a  German  botanist,  named  this  species  in  his  1814  Flora  Americae 
Septentrionalis.  which  was  one  of  the  earliest  floras  of  North  America  (Isley  1994).  The 
specific  epithet  ovata  refers  to  the  leaf  shape  that  is  characteristic  of  the  species. 

Silene  ovata  is  restricted  to  the  eastern  United  States  and  is  currently  known  from  11 
states  and  49  counties.  It  is  distributed  from  southwest  Virginia  south  to  Georgia,  west  to 
Arkansas  and  north  to  Illinois  and  Indiana  (Radford  et  al.  1968,  Gleason  and  Cronquist 
1991).  S.  ovata  is  most  abundant  in  the  southern  Appalachian  Mountains  of  North  Caro¬ 
lina,  Tennessee,  and  Georgia.  Silene  ovata  has  been  reported  in  the  literature  from  such 
vague  habitats  as  “rich  woods,  local”  (Fernald  1950),  “woodlands”  (Gleason  1952),  “rare 
plant  of  rich  woods”  (Justice  and  Bell  1968),  “rich  woods”  (Radford  et  al.  1968),  and 
“woods”  (Gleason  and  Cronquist  1991).  It  is  considered  a  species  of  special  concern 
with  a  G3  global  rank,  very  rare  or  local  throughout  its  range  (Federal  Register  1997).  It 
is  listed  as  endangered  in  Illinois,  Indiana,  and  South  Carolina,  threatened  in  Kentucky 
and  Tennessee,  special  concern  in  Alabama,  a  candidate  species  in  North  Carolina,  and  is 
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on  state  rare  plant  lists  in  Mississippi  and  Virginia  but  not  given  a  specific  status.  S. 
ovata  is  not  currently  listed  in  either  Arkansas  or  Georgia. 

Silene  ovata  was  first  discovered  in  Illinois  in  1994  by  Jody  Shimp  while  working  on  his 
master’s  thesis  in  Hardin  County  (Shimp  1996).  Subsequent  fieldwork  led  to  the  discov¬ 
ery  of  five  additional  populations.  The  objectives  of  this  survey  were  to  determine  if 
additional  populations  exist,  to  determine  demographic  characteristics  of  each  population, 
to  determine  specific  environmental  characteristics  at  each  population,  and  to  determine 
associated  plant  species  at  each  population. 

GENUS  AND  SPECIES  DESCRIPTION 

Silene  is  a  genus  of  approximately  400  to  500  species  native  primarily  to  the  Northern 
Hemisphere  (Femald  1950;  Gleason  1952;  Gleason  and  Cronquist  1991;  Hickman  1993). 
Mohlenbrock  (1986)  listed  10  species  of  Silene  in  Illinois,  which  included  five  of  Euro¬ 
pean  origin.  Gleason  (1952)  stated  that  54  species  of  Silene  were  recognized  in  North 
America.  Kartesz  (1994)  listed  76  species  for  the  United  States,  Canada,  and  Greenland. 
Gleason  (1952)  stated  that  species  of  Silene  are  most  numerous  in  Eurasia.  The  most 
recent  revision  of  Silene  in  North  America  was  by  Hitchcock  and  Maguire  (1947). 

There  has  been  and  currently  is  much  confusion  over  generic  and  family  classification  of 
Silene.  Silene  was  classified  into  its  own  family,  Silenaceae,  by  the  German  botanist 
Friedrich  Bartling  (Watson  and  Dallwitz  1992).  Weber  (1990)  treated  Silene  in  a  strict 
sense  and  uses  the  segregate  genera  Anotites,  Gastrolychnis,  and  Melandrium  in  his  flora 
of  the  eastern  slope  of  Colorado,  using  characteristics  of  the  capsules  and  number  of 
styles.  Gleason  and  Cronquist  (1991)  separated  Silene  from  the  closely  related  Lychnis, 
with  Silene  having  only  3  styles  or  having  5  styles  and  a  glandular  or  inflated  calyx  and 
included  three  taxa  that  had  previously  been  classified  in  either  Lychnis  or  Melandrium. 
Kartesz  (1994)  treated  Silene  in  the  broad  sense  and  includes  Anotites,  Gastrolychnis, 
Melandrium,  Oberna,  Pleconax,  Wahlbergella,  and  several  members  of  Lychnis  in  his 
checklist.  It  is  likely  that  Kartesz  (1994)  used  the  same  criteria  as  Gleason  and  Cronquist 
(1991)  since  he  also  included  Lychnis  as  a  valid  genus.  However,  Radford  et  al.  (1968) 
stated  that  Lychnis  is  similar  to  Silene  and  perhaps  better  included  in  that  genus. 

Fernald  (1950)  stated  that  Carolus  Linnaeus  applied  the  genus  name  Silene  in  1753  in  his 
Species  Plantarum  from  earlier  authors  who  used  the  name  in  reference  to  the  mythologi¬ 
cal  character  Silenus.  Silenus  was  the  intoxicated  foster-father  of  Bacchus  and  was 
described  as  being  covered  with  foam.  Silene  was  used  because  many  species  tend  to 
have  viscid,  sticky  excretions  along  their  stem  internodes,  especially  in  the  inflorescence. 
Gleason  (1952),  in  contrast,  stated  that  Silene  came  from  the  Greek  word  sialon  that 
means  saliva,  again  referring  to  sticky  secretions  on  the  stems  of  several  species. 

Silene  is  a  genus  of  significant  conservation  importance  in  North  America  because  16  of 
the  approximate  45  native  perennial  species  were  listed  as  candidate  threatened  or  endan¬ 
gered  taxa  until  recently  redefined  as  taxa  of  special  concern  (Federal  Register  1993, 
1997). 

Silene  ovata  is  a  coarse,  multi-stemmed  perennial  from  creeping  underground  rhizomes. 
The  stems  are  pubescent,  from  0.3  to  1.5  m  tall,  with  opposite,  sessile  leaves  that  are 
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broadly  lanceolate  to  oblanceolate  along  the  lower  portion  of  the  stem  and  ovate  along 
the  middle  and  upper  portions  of  the  stem.  The  leaves  have  acute  or  acuminate  apices, 
are  rounded  to  slightly  clasping  at  the  base,  and  are  usually  densely  pubescent  on  both 
lower  and  upper  surfaces.  The  inflorescence  is  an  open,  pubescent  panicle  or  cyme  that 
is  0.1  to  0.5  m  long.  Flowers  have  five  white,  deeply  dichotomously  divided  petals  usu¬ 
ally  with  8  segments,  five  sepals,  10  stamens,  and  three  carpels.  The  fruit  is  a  dehiscent 
capsule  with  six  apical  teeth.  The  petals  are  from  1.0- 1.5  cm  long  with  blades  5-10  mm 
of  this  length.  The  petal  blades  have  very  inconspicuous  appendages  at  their  base. 
Sepals  are  pubescent  and  are  fused  into  a  tube  from  8-10  mm  long.  Capsules  are  ellip¬ 
soid  and  from  7-8  mm  long.  The  capsule  is  elevated  from  the  receptacle  by  a  1. 5-2.5  mm 
long  carpophore.  Characteristics  of  mature  seeds  were  not  described.  The  base  chromo¬ 
some  number  is  n  =  24  (Fernald  1950;  Gleason  1952,  Radford  et  al.  1968;  Gleason  and 
Cronquist  1991). 


The  following  is  a  key  adapted  from  Mohlenbrock  (1986)  and  Gleason  and  Cronquist 
(1991)  to  distinguish  Silene  ovata  from  other  species,  primarily  S.  stellata ,  in  Illinois. 
Species  with  an  asterisk  (*)  are  introduced  from  Europe. 


Key  to  distinguish  Silene  ovata  from  other  species  in  Illinois 


A.  Petals  red,  crimson,  or  scarlet . B 

B.  Stems  with  10-20  pairs  of  leaves;  petals  entire  to  slightly  emarginated....5//^ne  regia 

B.  Stems  with  2-8  pairs  of  leaves;  petals  2-cleft . Silene  virginica 

A.  Petals  white,  pink,  or  purplish . C 

C.  Plants  perennial . D 

D.  Petals  deeply  dichotomously  cleft  several  times  or  fimbriate . E 

E.  Midstem  leaves  opposite;  petals  usually  8-cleft . Silene  ovata 

E.  Midstem  leaves  whorled  in  4's;  petals  fimbriate . Silene  stellata 

D.  Petals  entire  or  bilobed,  the  lobes  often  with  a  small  lateral  tooth . F 

F.  Plant  green;  flowers  solitary  in  upper  leaf  axils . Silene  nivea 

F.  Plant  glaucous;  flowers  in  cymose  panicles . *  Silene  cucubalus  (=  *S.  vulgaris ) 

C.  Plants  annual  or  biennial . G 

G.  Flowers  up  to  4  mm  across . Silene  antirrhina 

G.  Flowers  up  to  1  cm  or  more  across . H 

H.  Stems  glutinous  below  each  node;  flowers  pink  or  purple . *Silene  armeria 

H.  Stems  not  glutinous  below  each  node;  flowers  white  or  whitish-pink . 1 

I.  Stems  and  calyx  glabrous;  biennial . *  Silene  cserei 

I.  Stems  viscid-pubescent  or  hirsute;  calyx  pubescent . J 

J.  Flowers  nodding,  opening  at  dusk;  viscid  pubescent  annual . *  Silene 

noctiflora 

J.  Flowers  ascending,  opening  during  the  day;  hirsute  biennial . *Silene 

dichotoma 
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METHODS 

Five  populations  of  Silene  ovata  were  visited  twice  during  the  1998-growing  season. 
Additional  populations  were  searched  for  during  1998  but  the  searches  were  unsuccess¬ 
ful.  However,  Beth  Shimp  discovered  a  sixth  population  in  1999,  and  this  population 
was  surveyed  once  in  May  2000.  Demographic  data  that  were  collected  include  number 
of  plants,  number  of  stems,  stem  height,  number  of  flowering  plants,  number  of  flowering 
stems,  number  of  flowers,  and  flowering  stem  height,  and  number  of  capsules.  Height 
was  measured  using  a  Lufkin  3m  tape  measure.  Environmental  data  that  were  collected 
include  soil  depth  (using  a  graduated,  circular  metal  rod),  soil  pH  (using  a  soil  tester  pH 
meter),  percent  canopy  cover  (using  a  spherical  densiometer),  percent  slope  (using  a  cli¬ 
nometer),  slope  aspect  (using  a  compass),  and  slope  position  (xeric,  dry,  dry-mesic, 
mesic).  Associated  plant  species  were  recorded  within  5m  of  the  boundary  of  each 
population.  Nomenclature  follows  Mohlenbrock  (1986).  The  natural  community  where 
S.  ovata  was  found  was  recorded  using  criteria  in  White  and  Madany  (1978). 

RESULTS  AND  DISCUSSION 

Demographic  Characteristics 

A  total  of  3612  plants  of  Silene  ovata  were  sampled  in  six  populations  during  the  May- 
June  survey  (Table  1).  Approximately  93%  of  all  plants  were  located  within  two  popula¬ 
tions  at  Haney  Creek  and  Sturgeon  Hill.  The  number  of  plants  at  each  population  ranged 
from  three  at  Panther  Hollow  to  1797  at  Haney  Creek.  The  average  number  of  stems  per 
plant  ranged  from  2.0  at  Sturgeon  Hill  to  16.0  at  Panther  Hollow.  Approximately  90%  of 
all  stems  were  at  the  Haney  Creek  and  Sturgeon  Hill  populations.  Stem  height  ranged 
from  24.6  cm  Panther  Hollow  to  48.7  cm  at  Cane  Creek.  Of  the  1815  plants  that  were 
surveyed  in  June  1998,  54%  were  flowering  in  September.  There  was  only  one  flowering 
plant  at  Panther  Hollow,  whereas  847  plants  flowered  at  Sturgeon  Hill.  The  average 
number  of  flowering  stems  per  plant  ranged  from  1.7  at  Sturgeon  Hill  to  4.3  at  Barker 
Bluff.  Average  flowering  stem  height  ranged  from  50.0  cm  at  Finneyville  to  72.6  cm  at 
Barker  Bluff.  The  number  of  flowers  per  stem  varied  from  13.9  at  Cane  Creek  to  26.4  at 
Sturgeon  Hill.  The  only  population  that  produced  capsules  was  at  Sturgeon  Hill.  Of  847 
plants  that  flowered  at  Sturgeon  Hill,  51%  produced  fruit.  The  number  of  fruits  per  plant 
was  13.7. 

Environmental  Characteristics 

Silene  ovata  is  restricted  in  Illinois  to  the  Shawnee  Hills  Physiographic  Division,  with 
four  populations  in  the  Greater  Shawnee  Hills  Section  and  two  populations  in  the  Lesser 
Shawnee  Hills  Section.  This  division  is  an  unglaciated  region  with  some  of  the  largest 
forested  tracts  that  remain  in  Illinois.  The  Greater  Shawnee  Hills  Section  is  a  region 
characterized  by  an  east-west  escarpment  of  Pennsylvanian-aged  sandstone.  This  section 
has  gentle  to  rugged  hills  with  such  features  as  sandstone  bluffs,  cliffs,  and  overhangs 
(Schwegman  et  al.  1973,  Harris  et  al.  1977).  Silene  ovata  is  restricted  to  soils  that  over¬ 
lay  Battery  Rock  sandstone  of  the  Casey ville  Formation  within  the  Greater  Shawnee  Hills 
Section.  Bands  of  iron  oxide  cement  in  the  sandstone  rock  characterize  Battery  Rock 
sandstone.  The  Lesser  Shawnee  Hills  Section  is  a  region  of  lower  hills  underlain  by  Mis- 
sissippian-aged  limestone  and  sandstone.  This  section  is  characterized  by  gently  rolling 
hills  and  features  such  as  limestone  bluffs  and  glades,  caves,  and  sinkholes  (Schwegman 
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et  al.  1973,  Harris  et  al.  1977).  Silene  ovata  is  restricted  to  soils  that  overlay  Bethel  and 
Cypress  sandstone  of  the  West  Baden  Group  within  the  Lesser  Shawnee  Hills  Section. 
All  six  populations  were  located  on  soils  of  the  Alford-Wellston  association.  These  soils 
are  found  on  gently  sloping  to  steep  uplands  and  are  well  drained  and  moderately  perme¬ 
able.  Alford  and  Wellston  soils  are  classified  as  typic  hapludalfs  and  ultic  hapludalfs, 
respectively.  These  soils  belong  to  the  alfisol  soil  order,  which  includes  soils  derived 
under  forest  vegetation.  This  soil  order  has  a  distinct  eluvial  layer  (E  horizon),  often 
light-colored  or  whitish,  which  results  from  the  leaching  of  dissolved  ions,  especially 
aluminum  and  iron  (Parks  1975).  The  soil  types  where  Silene  ovata  was  found  were 
loess-derived  and  found  on  moderate  to  steep  uplands  with  18  to  60  percent  slopes. 
Silene  ovata  was  also  found  in  areas  classified  as  sandstone  rock  land,  which  includes 
areas  with  very  stony  or  rocky  soils  with  an  abundance  of  rock  outcrops  and  20  to  60  per¬ 
cent  slopes  (Parks  1975).  Soil  depth  ranged  from  1.3  cm  at  Panther  Hollow  to  17.5  cm  at 
Haney  Creek.  Soil  pH  was  consistent  for  all  populations  and  ranged  from  5.8  at  Fin- 
neyville  to  6.2  at  Barker  Bluff  and  Haney  Creek.  Percent  slope  varied  from  13.0%  at 
Cane  Creek  to  59.0%  at  Barker  Bluff.  All  populations  occurred  in  forested  habitats  that 
had  canopy  cover  from  61.5%  at  Barker  Bluff  to  77.8%  at  Cane  Creek.  Slope  position 
and  natural  community  type  were  variable  and  ranged  from  dry  upland  forest  to  mesic 
upland  forest.  Plants  were  often  found  growing  on  sandstone  slide  blocks,  sandstone 
cliffs,  or  rocky,  talus  slopes  when  growing  in  dry-mesic  and  mesic  upland  forest  (Table 
2).  The  number  of  associated  plant  species  at  each  site  was  related  to  population  extent 
and  size,  as  the  smallest  population  (extent  and  size)  at  Panther  Hollow  had  only  19  asso¬ 
ciates  while  the  largest  population  (extent  only)  at  Sturgeon  Hill  had  140  associates.  The 
most  frequent  associated  plant  species  that  occurred  at  five  or  all  populations  include 
Acer  saccharum,  Arabis  laevigata,  Celtis  occidentalis.  Hydrangea  arborescens,  Parthe- 
nocissus  quinquefolia,  Pilea  pumila ,  Sanicula  canadensis,  Sassafras  albidum,  Toxi¬ 
codendron  radicans,  and  Woodsia  obtusa  (Table  3). 

CONCLUSIONS 

Silene  ovata  is  listed  in  Illinois  as  state  endangered  because  it  only  occurs  in  Hardin 
County  and  is  restricted  to  six  populations.  All  but  one  population  occurs  on  the 
Shawnee  National  Forest.  The  five  populations  on  the  Shawnee  National  Forest  are 
located  in  remote  areas  within  large  forested  tracts,  so  these  populations  appear  to  be 
secure.  However,  the  largest  population  in  Illinois  at  Haney  Creek  occurs  on  private 
property  adjacent  to  a  gravel  road.  This  population  should  be  protected  through  a  con¬ 
servation  easement  with  the  landowner  or  land  purchase  to  ensure  that  this  important 
habitat  is  not  destroyed  in  the  future. 
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Table  1.  Characteristics  of  Silene  ovata  Pursh  populations  in  Illinois  (mean  ±  standard  deviation;  range  in  parentheses). 
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Table  2.  Environmental  characteristics  of  Silene  ovata  Pursh  populations  in  Illinois  (mean  ±  standard  deviation;  range  in  parentheses). 
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Table  3.  Frequent  plant  species  associated  with  Silene  ovata  Pursh  in  Illinois. 
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ABSTRACT 

The  vascular  flora  of  Thompson  Woods,  a  7.3  ha  old-growth  forest  remnant,  was  sur¬ 
veyed  during  the  1999-2001  growing  seasons.  A  total  of  338  species  in  223  genera  of  88 
families  were  identified.  This  included  8  pteridophytes,  4  gymnosperms,  71  monocots, 
and  255  dicots.  The  families  with  the  largest  numbers  of  species  were  the  Asteraceae  and 
Poaceae  with  28  each.  The  genera  with  the  largest  numbers  of  species  were  Carex  (17) 
and  Quercus  (14).  The  dominant  growth  forms  were  woody  plants  followed  by  C3  per¬ 
ennial  forbs,  and  79%  of  all  species  were  perennial  plants.  Hemicryptophytes  and  phan- 
erophytes  were  the  dominant  life  forms  and  over  97%  of  all  species  had  the  C3  photo¬ 
synthetic  pathway.  Over  80%  of  all  species  were  infrequent  or  rare,  with  only  9  species 
considered  abundant.  The  forest  has  shifted,  primarily  over  the  past  21  years  due  to  two 
severe  windstorms  and  lack  of  subsequent  management,  from  an  overstory  dominated  by 
Quercus  spp.  to  one  dominated  by  a  mixture  of  Acer  saccharum,  Fagus  grandifolia,  and 
Prunus  serotina.  Shade-tolerant  native  and  invasive  non-native  species  dominate  the 
understory  at  present. 


INTRODUCTION 

Thompson  Woods  is  located  in  east  central  Jackson  County  in  the  approximate  center  of 
the  Southern  Illinois  University  at  Carbondale  (SIUC)  campus.  The  7.3  ha  (18-acre)  for¬ 
est  was  clear-cut  between  1840  and  1850  when  part  of  the  public  domain,  and  the  lumber 
was  used  locally  for  building  projects.  The  Thompson  family  purchased  the  forest  in 
1868  and  they  built  a  home  at  the  south  end  of  the  woods  and  raised  cattle  on  the  prop¬ 
erty.  Some  Quercus  alba  were  selectively  removed  for  stave  bolts  for  barrels  in  1914. 
The  woods  were  sold  to  SIUC  in  1940  from  Lavinia  Thompson  for  $6,250.00,  with  a 
gentleman’s  agreement  that  the  forest  remains  in  a  natural  condition.  The  forest  was  a 
popular  place  for  picnicking  in  the  1940's  and  there  was  once  a  row  of  houses  on  the 
northeast  corner  of  the  woods  at  the  intersection  of  Chautauqua  and  South  Thompson 
streets  (O’Malley  1993).  Thompson  Woods  was  identified  by  the  Illinois  Natural  Areas 
Inventory  during  the  1970's  as  one  of  the  finest  upland  old-growth  Quercus  velutina  Lam. 
stands  in  the  state,  with  trees  estimated  at  120  years  old  (White  and  Madany  1978).  Two 
severe  windstorms  in  1980  resulted  in  a  42.5%  decrease  in  Quercus  velutina  in  the  can¬ 
opy  (from  200  to  115  trees;  Faulkner  1983,  O’Malley  1993).  Subsequent  decisions  by 
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SIUC  administration  not  to  manage  the  forest  as  a  natural  area  has  led  to  increases  in 
mesophytic  species  in  the  canopy,  little  oak  regeneration,  and  an  understory  dominated 
by  invasive  woody  species  such  as  Euonymus  fortune i  (Turcz.)  Hand.-Maz.,  Lonicera 
japonica  Thunb.,  and  L.  maackii  (Rupr.)  Maxim.  Currently,  a  SIUC  management  com¬ 
mittee  is  trying  to  restore  the  forest  to  its  1970's  appearance  with  a  combination  of  inva¬ 
sive  and  mesophytic  plant  control  and  planting  of  oak  seedlings  and  saplings. 

The  objectives  of  the  present  study  were  to  document  the  vascular  flora  of  Thompson 
Woods  and  describe  the  flora  in  terms  of  growth  forms,  life  forms,  photosynthetic  path¬ 
ways,  and  dominant  vegetation. 


STUDY  AREA 

Thompson  Woods  is  located  in  the  Mount  Vernon  Hill  Country  Section  of  the  Southern 
Till  Plain  Division  (NE/4  NW/4  Sec.  28  T9S  R1W),  which  represents  the  southernmost 
extent  of  Illinoian  glaciation  (Schwegman  et  al.  1973).  The  Mount  Vernon  Hill  County 
Section  is  characterized  by  hilly,  rolling  topography  and  was  primarily  forested  in  preset¬ 
tlement  time  dominated  by  Quercus  spp.  Upland  soils  of  this  section  have  developed 
from  a  combination  of  loess  and  glacial  till  and  usually  have  a  well-developed  claypan  or 
fragipan  near  the  soil  surface  (Schwegman  et  al.  1973). 

Soils  of  Thompson  Woods  are  composed  of  Hosmer  silt  loam  and  Hosmer  silty  clay 
loam,  which  are  moderately  well  drained  upland  soils  with  an  underlying  fragipan  (typic 
fragiudalfs).  Hosmer  soils  are  formed  from  Peoria  loess  and  are  found  on  ridgetops  and 
side  slopes  that  range  from  two  to  18  percent  slope  (Herman  et  al.  1979). 

Climate  in  southern  Illinois  is  continental  with  warm  summers  and  mild  winters. 
Thornthwaithe  (1948)  considered  the  climate  to  be  humid  mesothermal  with  little  to  no 
water  deficit  in  any  season  and  a  potential  annual  evapotranspiration  of  76.2  cm.  Aver¬ 
age  yearly  precipitation  in  Carbondale  is  113.5  cm,  with  extremes  of  78.1  and  189.2  cm, 
and  is  evenly  distributed  throughout  the  year,  although  extended  periods  of  drought  can 
occur  during  the  summer  months.  The  mean  January  temperature  is  2  °C  while  the  mean 
July  temperature  is  25  °C  at  Carbondale.  The  average  number  of  frost  free  days  ranges 
from  193  to  206,  extending  between  7  April  and  30  October  (Herman  et  al.  1979). 

METHODS 

The  flora  of  Thompson  Woods  was  surveyed  from  May  1999  to  August  2001  to  collect 
voucher  specimens  and  abundance  information  for  each  species.  Special  attention  was 
given  to  areas  with  high  species  richness  such  as  the  forest  edge  and  margins  of  paths. 
Voucher  specimens  were  deposited  at  the  Illinois  Natural  History  Survey  Herbarium 
(ILLS).  Identifications,  along  with  criteria  for  plant  duration,  were  made  using  Fernald 
(1950),  Radford  et  al.  (1968),  Mohlenbrock  (1986),  Gleason  and  Cronquist  (1991),  Swink 
and  Wilhelm  (1994),  and  Yatzkievych  (1999).  Nomenclature  follows  Mohlenbrock 
(1986). 

Abundance  ratings  were  defined  to  give  a  relative  quantification  to  field  observations  and 
were  modified  from  Lortie  et  al.  (1991),  Looney  et  al.  (1993),  Joyner  and  Chester  (1994), 
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and  Basinger  and  Robertson  (1997).  Abundance  rating  refers  to  abundance  of  a  species 
within  Thompson  Woods  and  included:  1)  abundant,  species  dominant  throughout  the 
woods,  2)  frequent,  species  co-dominant  or  present  in  large  numbers  throughout  the 
woods,  3)  occasional,  species  in  moderate  numbers  in  scattered  populations  in  the  woods, 
4)  infrequent,  species  in  small  numbers  in  scattered  populations  in  the  woods,  and  5)  rare, 
species  known  from  one  individual,  population,  or  a  restricted  area  in  the  woods. 

Plant  life  form  (chamaephyte,  cryptophyte,  hemicryptophyte,  phanerophyte,  therophyte; 
Raunkiaer  1934)  was  determined  for  each  species  using  information  in  Ennis  (1928), 
MacDonald  (1937),  Oosting  (1942),  Hansen  (1952),  Gibson  (1961),  and  Baskin  et  al. 
(1995).  The  predominant  life  cycle  (annual,  biennial,  perennial)  was  determined  using 
the  above  identification  sources.  Graminoids  included  Cyperaceae,  Juncaceae,  and 
Poaceae,  while  forbs  included  all  non- woody  and  non-graminoid  vascular  plants.  Woody 
plants  included  all  trees,  shrubs,  and  lianas,  while  ferns  and  fern  allies  were  listed  as 
pteridophytes. 

Photosynthetic  pathway  (C3/C4)  was  determined  from  published  information  in  Down¬ 
town  (1975),  Raghavendra  and  Das  (1978),  Waller  and  Lewis  (1979),  and  Baskin  et  al. 
(1995).  Photosynthetic  pathway  was  inferred  at  the  family  or  genus  level  using  the  above 
references  for  species  whose  pathway  had  not  been  determined.  Woody  plants  were 
assumed  to  have  the  C3  pathway,  following  Baskin  et  al.  (1995). 

RESULTS  AND  DISCUSSION 

The  flora  of  Thompson  Woods  consists  of  338  species  and  subspecific  taxa  in  223  genera 
of  88  families.  The  Coniferophyta  and  Pteridophyta  were  poorly  represented,  accounting 
for  only  4  species  (1.2%  of  all  species)  and  8  species  (2.4  %),  respectively.  Among 
angiosperms,  monocots  accounted  for  71  species  in  41  genera  of  9  families  (21.0%), 
whereas  dicots  accounted  for  255  species  in  171  genera  of  73  families  (75.4%).  The 
families  with  the  largest  numbers  of  species  were  Asteraceae  (28),  Poaceae  (28), 
Cyperaceae  (17),  Fagaceae  (15),  Rosaceae  (13),  and  Lamiaceae  (10).  The  genera  with 
the  largest  numbers  of  species  were  Carex  (17),  Quercus  (14),  Viburnum  (6),  Acer  (5), 
Polygonum  (5),  Carya  (4),  Galium  (4),  and  Solidago  (4).  Genera  with  3  species  included 
Aster ,  Cornus,  Dichanthelium,  Elymus ,  Euonymus,  Eupatorium,  Festuca,  Ilex,  Magnolia, 
Plantago,  Poa,  Prunus,  Ranunculus ,  Ulmus,  and  Viola.  Appendix  1  provides  a  listing  of 
all  species  reported  from  Thompson  Woods  in  this  study. 

The  flora  of  Thompson  Woods  was  dominated  by  woody  plants  (115  species;  34.0%  of 
all  species)  and  Q  perennial  forbs  (103  species;  30.5%).  There  were  169  forbs,  115 
woody  plants,  46  graminoids,  and  8  pteridophytes.  The  majority  of  the  species  were  per¬ 
ennial  (267),  followed  by  annual  (58)  and  biennial  (13).  The  predominant  photosynthetic 
pathway  was  C3  (330  species;  97.6%  of  all  species).  There  were  only  8  species  (2.4%),  7 
of  these  members  of  the  Poaceae,  that  had  the  C4  photosynthetic  pathway 
(Table  1). 

Life  forms  of  the  338  species  identified  from  Thompson  Woods  are  as  follows: 
hemicryptophyte  (131  species;  38.8%  of  all  species),  phanerophyte  (115  species;  34.0%), 
therophyte  (57  species;  16.9%),  cryptophyte  (33  species;  9.8%),  and  chamaephyte  (2  spe- 
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cies;  0.6%).  It  is  well  documented  that  hemicryptophytes  dominate  the  flora  of  North 
America  (MacDonald  1937,  Oosting  1942,  Hansen  1952,  Gibson  1961). 

Abundance  ratings  of  the  Thompson  Woods  flora  indicate  that  9  species  (2.7%  of  all  spe¬ 
cies)  are  abundant,  21  species  (6.2%)  are  frequent,  33  species  (9.8%)  are  occasional,  122 
species  (36.1%)  are  infrequent,  and  153  species  (45.3%)  are  rare.  Other  floristic  surveys 
in  Illinois  that  include  abundance  information  indicate  that  most  species  within  a  defined 
area  are  either  infrequent  (=uncommon)  or  rare  (Basinger  and  Robertson  1997,  Edgin  and 
Ebinger  2001). 

Using  the  natural  community  classification  system  of  White  and  Madany  (1978),  Thomp¬ 
son  Woods  would  be  classified  as  dry-mesic  upland  forest.  Quercus  velutina ,  Q.  falcata 
Michx.,  and  Q.  stellata  Wangh.  prior  to  the  two  severe  windstorms  dominated  this  forest 
in  1980  (Faulkner  1983,  O’Malley  1993).  Acer  saccharum  Marsh.,  Fagus  grandifolia 
Ehrh.,  and  Prunus  serotina  Ehrh.  in  the  overstory,  Lonicera  maackii  in  the  sapling  stra¬ 
tum,  and  Euonymus  fortune i,  Eupatorium  rugosum  Houtt.,  Lonicera  japonica,  Partheno- 
cissus  quinquefolia  (L.)  Planch.,  Podophyllum  peltatum  L.  and  Toxicodendron  radicans 
(L.)  Kuntze  in  the  ground  layer  currently  dominate  the  forest.  It  is  hoped  that  this  base¬ 
line  study  will  be  used  to  examine  how  the  flora  of  Thompson  Woods  changes  in 
response  to  management  practices  and  continued  planting  efforts. 
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Appendix  1.  The  flora  of  Thompson  Woods  is  arranged  alphabetically  by  family,  genus, 
and  species  within  each  specific  phylum.  Common  name  [following 
Mohlenbrock  (1986)  and  Swink  and  Wilhelm  (1994)],  an  abundance  state¬ 
ment  (A  =  abundant,  F  =  frequent,  O  =  occasional,  I  =  infrequent,  R  =  rare), 
life  form  (Ch  =  chamaephyte,  Cr  =  cryptophyte,  H  =  hemicryptophyte,  Ph  = 
phanerophyte,  Th  =  therophyte),  photosynthetic  pathway,  and  collection 
number  are  listed  for  each  species  after  the  binomial  and  authority. 


PHYLUM  PTERIDOPHYTA 

ASPLENIACEAE 

Asplenium  platyneuron  (L.)  Oakes  Ebony  spleenwort.  R,  H,  C3,  1 1816. 

Cystopteris  protrusa  (Weatherby)  Blasd.  Fragile  fern.  R,  Cr,  C3,  12369. 

Dryopteris  marginalis  (L.)  Gray  Marginal  wood  fern.  R,  H,  C3,  1 1828. 

Onoclea  sensibilis  L.  Sensitive  fern.  R,  Cr,  C3,  12370. 

Polystichum  acrostichoides  (Michx.)  Schott  Christmas  fern.  R,  H,  C3,  12052. 

OPHIOGLOSSACEAE 

Botrychium  dissectum  Spreng.  var.  obliquum  (Muhl.)  Clute  Grape  fern.  R,  Cr,  C3, 
12574. 

Botrychium  virginianum  ( L.)  Sw.  Rattlesnake  fern.  I,  Cr,  C3,  12358. 

Ophioglossum  vulgatum  L.  var.  pycnostichum  Fern.  Adder’s  tongue  fern.  R,  Cr,  C3, 
12218. 


PHYLUM  CONIFEROPHYTA 

CUPRESSACEAE 

Juniperus  virginiana  L.  Red  cedar.  I,  Ph,  C3,  11912. 

GINGKOACEAE 

Gingko  biloba  L.  Gingko.  R,  Ph,  C3,  1 1857. 

PINACEAE 

Tsuga  canadensis  Mill.  Eastern  hemlock.  R,  Ph,  C3,  12295. 

TAXACEAE 

Taxus  cuspidata  Sieb.  &  Zucc.  Japanese  yew.  R,  Ph,  C3,  1 1969. 

PHYLUM  ANTHOPHYTA:  LILIOPSIDA 

ARACEAE 

Arisaema  dracontium  (L.)  Schott  Green  dragon.  F,  Cr,  C3,  1 1800. 
Arisaema  triphyllum  (L.)  Schott  Jack-in-the-pulpit  F,  Cr,  C3  1 1801. 
Arum  italicum  L.  Italian  arum.  I,  Cr,  C3,  11931. 

COMMELINACEAE 

Commelina  communis  L.  Common  dayflower.  I,  Th,  C3,  1 1805. 
Tradescantia  virginiana  L.  Spiderwort.  R,  H,  C3,  12190A. 

CYPERACEAE 

Carex  annectens  Bickn.  Large  yellow  fox  sedge.  R,  H,  C3,  1 1939. 

Carex  artitecta  Mack.  Blunt-scaled  oak  sedge.  I,  H,  C3,  1 1845. 

Carex  blanda  Dewey  Common  wood  sedge.  O,  H,  C3,  1 1844. 

Carex  cephalophora  Willd.  Short-headed  bracted  sedge.  I,  H,  C3,  1 1832. 
Carex  conjucta  Boott  Green-headed  fox  sedge.  R,  H,  C3,  1 1822. 
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Carex  festucacea  Willd.  Fescue  oval  sedge.  R,  H,  C3,  12220. 

Carex  frankii  Kunth  Bristly  cattail  sedge.  R,  H,  C3,  1 1928. 

Carex  glaucodea  Tuckerm.  Blue  sedge.  O,  H,  C3,  1 1839. 

Carex  granularis  Muhl.  Pale  sedge.  I,  H,  C3,  1 1897. 

Carex  grisea  Steud.  Wood  gray  sedge.  I,  H,  C3,  1 1920. 

Carex  hirsutella  Mack.  Hairy  green  sedge.  I,  Cr,  C3,  1 1853. 

Carex  jamesii  Schwein.  Grass  sedge.  I,  H,  C3,  1 1827. 

Carex  pendula  Hudson  Drooping  sedge.  R,  H,  C3,  1 1960. 

Carex  retroflexa  Willd.  Reflexed  sedge.  I,  H,  C3,  1 1877. 

Carex  rosea  Willd.  Straight- sty  led  wood  sedge.  I,  H,  C3,  11919. 

Carex  shortiana  Dewey  Short’s  sedge.  R,  H,  C3,  1 1925. 

Carex  vulpinoidea  Michx.  Brown  fox  sedge.  R,  Cr,  C3,  1 1930. 

DIOSCOREACEAE 

Dioscorea  batatas  Dene.  Chinese  yam.  O,  Cr,  C3  1 1804. 

Dioscorea  quaternata  (Walt.)  J.F.  Gmel.  Wild  yam.  R,  Cr,  C3,  12360. 

IRIDACEAE 

Sisyrinchium  angustifolium  Mill.  Blue-eyed  grass.  I,  H,  C3,  1 1873. 

JUNCACEAE 

Juncus  tenuis  Willd.  Path  rush.  I,  H,  C3,  11821. 

LILIACEAE 

Allium  canadense  L.  Wild  onion.  I,  Cr,  C3,  12209. 

Allium  vineale  L.  Field  garlic.  I,  Cr,  C3,  1 1898. 

Erythronium  albidum  Nutt.  White  trout  lily.  I,  Cr,  C3,  12184A.  Hemerocallis  fulva  L. 

Orange  day  lily.  I,  Cr,  C3,  12310. 

Narcissus  sp.  Daffodil.  I,  Cr,  C3,  not  collected. 

Polygonatum  biflorum  (Walt.)  Ell.  Solomon’s  seal.  R,  Cr,  C3,  1 1830. 

Smilacina  racemosa  (L.)  Desf.  Solomon’s  plume.  R,  Cr,  C3,  11861. 

Trillium  flexipes  Raf.  White  trillium.  R,  Cr,  C3,  not  collected. 

Trillium  recurvatum  Beck  Red  trillium.  I,  Cr,  C3,  11810. 

POACEAE 

Agrostis  perennans  (Walt.)  Tuckerm.  Upland  bent  grass.  I,  H,  C3,  12023. 

Agrostis  stolonifera  L.  Red  top.  R,  H,  C3,  1 1963. 

Bromus  pubescens  Muhl.  Woodland  brome  grass.  I,  H,  C3,  1 1841. 

Chasmanthium  latifolium  (Michx.)  Yates  Sea  oats.  R,  Cr,  C3,  1 1947. 

Cinna  arundinacea  L.  Stout  wood  reed.  I,  H,  C3,  12008. 

Dactylis  glomerata  L.  Orchard  grass.  R,  H,  C3,  12002. 

Danthonia  spicata  (L.)  Roem.  &  Schult.  Poverty  oat  grass.  I,  H,  C3,  1 1872. 
Dichanthelium  acuminatum  (Sw.)  Gould  &  Clark  var.  fasciculatum  (Torr.)  Freckm. 
Panic  grass.  I,  H,  C3,  1 1837. 

Dichanthelium  boscii  (Poir.)  Gould  Large -fruited  panic  grass.  R,  H,  C3,  11881. 
Dichanthelium  laxiflorum  (Lam.)  Gould  Panic  grass.  R,  H,  C3,  12016. 

Digitaria  sanguinalis  (L.)  Scop.  Crabgrass.  R,  Th,  C4,  12004. 

Eleusine  indica  (L.)  Gaertn.  Goose  grass.  R,  Th,  C4,  12003. 

Elymus  hystrix  L.  Bottlebrush  grass.  R,  H,  C3,  1 1949. 

Elymus  villosus  Muhl.  Hairy  wild  rye.  R,  H,  C3,  1 1948. 

Elymus  virginicus  L.  Virginia  wild  rye.  O,  H,  C3,  1 1843. 

Eragrostis  capillaris  (L.)  Nees  Lace  grass.  R,  Th,  C4,  12050. 

Festuca  arundinacea  Schrad.  Tall  fescue.  I,  H,  C3,  1 1905,  12216. 
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Festuca  obtusa  Biehler  Nodding  fescue.  I,  H,  C3,  1 1887. 

Festuca  rubra  L.  Red  fescue.  R,  H,  C3,  12221. 

Glyceria  striata  (Lam.)  Hitchc.  Fowl  manna  grass.  O,  H,  C3,  1 1846. 
Leersia  virginica  Willd.  White  grass.  I,  H,  C3,  12054. 

Muhlenbergia  schreberi  J.F.  Gmel.  Nimble  will.  I,  H,  C4,  12055. 

Poa  annua  L.  Annual  bluegrass.  I,  Th,  C3,  1 1809. 

Poa  pratensis  L.  Kentucky  bluegrass.  I,  H,  C3,  1 1836. 

Poa  sylvestris  Gray  Woodland  bluegrass.  I,  H,  C3,  1 1922. 

Setaria  viridis  (L.)  Beauv.  Green  foxtail.  I,  Th,  C4,  12005. 
Sphenopholis  obtusata  (Michx.)  Seri  bn.  Wedge  grass.  R,  H,  C3,  1 1867. 
Tridens  flavus  (L.)  Hitchc.  Purple  top.  R,  H,  C4,  12007. 

SMILACACEAE 

Smilax  glauca  Walt.  Glaucous  catbrier.  R,  Ph,  C3,  12312. 

Smilax  hispida  Muhl.  Bristly  catbrier.  I,  Ph,  C3,  1 1915. 

PHYLUM  ANTHOPHYTA:  MAGNOLIOPSIDA 

ACERACEAE 

Acer  negundo  L.  Box-elder.  F,  Ph,  Q,  1 1886. 

Acer  platanoides  Thunb.  Norway  maple.  R,  Ph,  C3,  12286. 

Acer  rubrum  L.  Red  maple.  R,  Ph,  C3,  1 1835. 

Acer  saccharinum  L.  Silver  maple.  I,  Ph,  C3,  1 1825. 

Acer  saccharum  Marsh.  Sugar  maple.  A,  Ph,  C3,  1 1824. 

AMARANTHACEAE 

Amaranthus  spinosus  L.  Spiny  pigweed.  R,  Th,  C4,  12577. 

ANACARDIACEAE 
Cotinus  coggygria  Scop.  Smoke-tree.  R,  Ph,  C3,  12012. 

Rhus  aromatica  L.  Aromatic  sumac.  I,  Ph,  C3,  1 1806. 

Rhus  copallina  L.  Winged  sumac.  I,  Ph,  C3,  1 1904. 

Toxicodendron  radicans  (L.)  Kuntze  Poison  ivy.  A,  Ph,  C3,  11923. 

ANNONACEAE 

Asimina  triloba  (L.)  Dunal  Pawpaw.  O,  Ph,  C3,  1 1952. 

APIACEAE 

Cryptotaenia  canadensis  (L.)  DC.  Honewort.  F,  H,  C3,  1 1829. 

Daucus  carota  L.  Queen  Anne’s  lace.  I,  H,  Q,  1 1967. 

Osmorhiza  longistylis  (Torr.)  DC.  Sweet  cicely.  R,  H,  C3,  12356. 
Sanicula  canadensis  L.  Canadian  black  snakeroot.  F,  H,  C3,  1 1834. 
Sanicula  gregaria  Bickn.  Common  snakeroot.  I,  H,  C3,  1 1899. 

APOCYNACEAE 

Apocynum  cannabinum  L.  Indian  hemp.  1,  H,  C3,  1 1953. 

Vinca  minor  L.  Perwinkle.  R,  Ch,  C3,  12201. 

AQUIFOLIACEAE 

Ilex  decidua  Walt.  Deciduous  holly.  I,  Ph,  C3,  11818. 

Ilex  opaca  L.  American  holly.  I,  Ph,  C3,  1 1958. 

Ilex  verticillata  L.  Winterberry.  R,  Ph,  C3,  1 1954. 

ARALIACEAE 

Aralia  spinosa  L.  Devil’s  walking-stick.  R,  Ph,  C3,  1 1998,  12333. 
Hedera  helix  L.  English  ivy.  R,  Ph,  C3,  12314. 

Panax  quinquefolius  L.  Ginseng.  R,  Cr,  C3,  12367. 
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ARISTOLOCHIACEAE 

Aristolochia  serpentaria  L.  Virginia  snakeroot.  R,  Cr,  C3,  12315. 

Asarum  canadense  L.  var.  reflexum  (Bickn.)  Robins.  Wild  ginger.  I,  H,  C3,  11812. 

ASCLEPIADACEAE 

Asclepias  purpurascens  L.  Purple  milkweed.  R,  H,  C3,  12368. 

ASTERACEAE 

Ambrosia  artemisiifolia  L.  Common  ragweed.  I,  Th,  C3,  12060. 

Ambrosia  trifida  L.  Giant  ragweed.  I,  Th,  C3,  12059. 

Aster  lateriflorus  (L.)  Britt.  Side-flowered  aster.  I,  H,  C3,  12304. 

Aster  pilosus  Willd.  Hairy  aster.  R,  H,  C3,  12118. 

Aster  simplex  Willd.  Panicled  aster.  1,  H,  C3,  12363. 

Bidens  bipinnata  L.  Spanish  needles.  R,  Th,  C3,  12061. 

Cirsium  discolor  (Muhl.)  Spreng.  Field  thistle.  R,  H,  C3,  12305. 

Conyza  canadensis  (L.)  Cronq.  Horse  weed.  I,  Th,  C3,  12068,  12120. 

Eclipta  prostrata  (L.)  L.  Yerba-de-tajo.  R,  Th,  C3,  12057. 

Erechtites  hieracifolia  (L.)  Raf.  Fireweed.  I,  Th,  C3,  12117. 

Erigeron  annuus  (L.)  Pers.  Daisy  fleabane.  F,  Th,  C3,  1 1889. 

Erigeron  philadelphicus  L.  Marsh  fleabane.  F,  Th,  C3,  1 1878. 

Eupatorium  coelestinum  L.  Mistflower.  R,  H,  C3,  12071. 

Eupatorium  rugosum  Houtt.  White  snakeroot.  A,  H,  C3,  12020. 

Eupatorium  serotinum  Michx.  Late  boneset.  I,  H,  C3,  12070. 

Lactuca  canadensis  L.  Wild  lettuce.  I,  H,  C3,  12056. 

Lactuca  floridana  (L.)  Gaertn.  Woodland  lettuce.  I,  H,  C3,  12351. 

Leucanthemum  vulgare  Lam.  R,  H,  C3,  1 1940. 

Senecio  glabellus  Poir.  Butterweed.  O,  Th,  C3,  1 1880. 

Solidago  caesia  L.  Woodland  goldenrod.  R,  H,  C3,  12316. 

Solidago  canadensis  L.  Tall  goldenrod.  I,  H,  C3,  12119. 

Solidago  nemoralis  Ait.  Old-field  goldenrod.  R,  H,  C3,  12124. 

Solidago  ulmifolia  Muhl.  Elm-leaved  goldenrod.  R,  H,  C3,  12306. 

Sonchus  asper  Hill  Spiny  sow  thistle.  I,  Th,  C3,  1 1970. 

Taraxacum  laevigatum  Weber  Red-seeded  dandelion.  I,  H,  C3,  11921. 

Taraxacum  officinale  Weber  Common  dandelion.  I,  H,  C3,  1 1855. 

Verbesina  alternifolia  L.  Yellow  ironweed.  I,  H,  C3,  12011. 

Vernonia  missurica  Raf.  Missouri  ironweed.  R,  H,  C3,  12362. 

BALSAMINACEAE 

Impatiens  capensis  Meerb.  Jewelweed.  F,  Th,  C3,  11941. 

BERBERIDACEAE 

Berberis  thunbergii  Thunb.  Japanese  barberry.  R,  Ph,  C3,  12317. 

Podophyllum  peltatum  L.  Mayapple.  A,  Cr,  C3  1 1803. 

BETULACEAE 

Betula  nigra  L.  River  birch.  I,  Ph,  C3,  1 1924. 

BIGNONIACEAE 

Campsis  radicans  (L.)  Seem.  Trumpet  creeper.  F,  Ph,  C3,  12287. 

Catalpa  speciosa  (L.)  Warder  Catalpa.  R,  Ph,  C3,  12334. 

BORAGINACEAE 

Buglossoides  arvense  (L.)  I.M.  Johnston  Corn  gromwell.  R,  Th,  C3,  1 1900. 
Hackelia  virginiana  (L.)  I.M.  Johnston  Stickseed.  I,  H,  C3,  12058. 

Mertensia  virginica  L.  Virginia  bluebells.  R,  H,  C3,  12189. 
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Mvosotis  macrosperma  Engelm.  Scorpion  grass.  I,  Th,  C3,  11831. 

BRASSICACEAE 

Allaria  petiolata  (Bieb.)  Cavara  &  Grande  Garlic  mustard.  R,  H,  C3,  1 1850. 

Arabidopsis  thaliana  (L.)  Heynh.  Mouse-ear  cress.  R,  Th,  C3,  12192. 

Arabis  laevigata  (Muhl.)  Poir.  Smooth  rock  cress.  R,  H,  C3,  11819. 

Barbarea  vulgaris  R.  Br.  var.  arcuata  (Opiz)  Fr.  Winter  cress.  R,  H,  C3,  11871. 
Cardamine  hirsuta  L.  Bitter  cress.  I,  Th,  C3,  1 1903,  12199. 

Dentaria  laciniata  Muhl.  Toothwort.  I,  Cr,  C3,  12184. 

Draba  brachycarpa  Nutt.  Short-fruited  whitlow  grass.  R,  Th,  C3,  12191. 

Eriophila  verna  (L.)  Chev.  Vernal  whitlow  grass.  R,  Th,  C3,  12202A. 

Lepidium  virginicum  L.  Common  peppergrass.  R,  H,  C3,  12018,  12288. 

CAESALPINIACEAE 
Cassia  marilandica  L.  Maryland  senna.  R,  H,  C3,  12064. 

Cercis  canadensis  L.  Redbud.  F,  Ph,  C3,  1 1847. 

Gleditsia  triacanthos  L.  Honey  locust.  I,  Ph,  C3,  11911. 

Gymnocladus  dioica  (L.)  K.  Koch  Kentucky  coffee-tree.  I,  Ph,  C3,  12331. 

CALLITRICHACEAE 

Callitriche  terrestris  Raf.  Terrestrial  starwort.  O,  Th,  C3,  11854. 

CALYCANTHACEAE 

Calycanthus  floridus  L.  Strawberry  bush.  R,  Ph,  C3,  12215. 

CAMPANULACEAE 

Lobelia  inflata  L.  Indian  tobacco.  R,  Th,  C3,  12014. 

Triodanis  biflora  (Ruiz)  Cav.  Venus’  looking  glass.  R,  Th,  C3,  1 1929. 

Triodanis  perfoliata  (L.)  Nieuw.  Venus’  looking  glass.  I,  Th,  C3,  1 1875. 

CAPRIFOLIACEAE 

Lonicera  japonica  Thunb.  Japanese  honeysuckle.  A,  Ph,  C3,  1 1874. 

Lonicera  maackii  (Rupr.)  Maxim.  Amur  honeysuckle.  A,  Ph,  C3,  1 1868. 

Sambucus  canadensis  L.  Elderberry.  F,  Ph,  C3,  11945. 

Viburnum  carle sii  Hieml.  Koreanspice  viburnum.  R,  Ph,  C3,  12318. 

Viburnum  dentatum  L.  Southern  arrowwood.  I,  Ph,  C3,  12357. 

Viburnum  opulus  L.  European  highbush  cranberry.  I,  Ph,  C3,  12289. 

Viburnum  recognitum  Fern.  Smooth  arrowwood.  R,  Ph,  C3,  1 1890. 

Viburnum  rhytidophyllum  Thunb.  Leatherleaf  viburnum.  R,  Ph,  C3,  11968. 

Viburnum  rufidulum  Raf.  Southern  black  haw.  I,  Ph,  C3,  1 1870. 

CARYOPHYLLACEAE 

Cerastium  glomeratum  Thuill.  Clammy  mouse-ear  chickweed.  R,  Th,  C3,  12195A. 
Cerastium  vulgatum  L.  Common  mouse-ear  chickweed.  R,  H,  C3,  12219. 

Holosteum  umbellatum  L.  Jagged  chickweed.  R,  Th,  C3,  12193. 

Paronychia  fastigiata  (Ait.)  Fern.  Forked  chickweed.  R,  Th,  C3,  12328. 

Sagina  decumbens  (Ell.)  Torr.  &  Gray  Pearlwort.  R,  Th,  C3,  12194. 

Silene  stellata  Ait.  f.  Starry  campion.  R,  H,  C3,  12307. 

Stellaria  media  (L.)  Vill.  Common  chickweed.  O,  Th,  C3,  1 1876. 

CELASTRACEAE 

Celastrus  scandens  L.  Bittersweet.  R,  Ph,  C3,  12320. 

Euonymus  alata  Thunb.  Winged  euonymus.  F,  Ph,  C3,  1 1862. 

Euonymus  atropurpurea  Jacq.  Wahoo.  R,  Ph,  C3,  1 1866. 

Euonymus  fortunei  (Turcz.)  Hand.-Maz.  Climbing  euonymus.  A,  Ph,  C3,  12017,  12122. 
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CHENOPODIACEAE 

Chenopodium  album  L.  Lamb’s  quarters.  R,  Th,  C3,  12069. 

Chenopodium  gigantospermum  Aellen  Maple-leaved  goosefoot.  R,  Th,  C3,  12575. 

CORNACEAE 

Cornus  drummondii  C.A.  Mey.  Rough-leaved  dogwood.  I,  Ph,  C3,  12290. 

Cornus  florida  L.  Flowering  dogwood.  I,  Ph,  C3,  1 1869. 

Cornus  obliqua  Raf.  Pale  dogwood.  R,  Ph,  C3,  12024. 

CORYLACEAE 

Carpinus  caroliniana  Walt.  Blue  beech.  R,  Ph,  C3,  12001. 

Corylus  americana  Walt.  Hazelnut.  I,  Ph,  C3,  12321. 

Ostrya  virginiana  (Mill.)  K.  Koch  Hop  hornbeam.  R,  Ph,  C3,  12000. 

EBENACEAE 

Diospyros  virginiana  L.  Persimmon.  O,  Ph,  C3,  12319. 

ELAEAGNACEAE 

Elaeagnus  umbellata  Thunb.  Autumn  olive.  I,  Ph,  C3,  1 1932. 

EUPHORBLACEAE 

Acalypha  virginica  L.  Three-seeded  mercury.  O,  Th,  C3,  12013. 

Poinsettia  dentata  (Michx.)  Kl.  &  Garcke  Wild  poinsettia.  R,  Th,  C3,  12051. 

FABACEAE 

Amphicarpaea  bracteata  { L.)  Fern.  Hog  peanut.  R,  Th,  C3,  12329. 

Desmodium  glabellum  (Michx.)  DC.  Tick  trefoil.  R,  H,  C3,  12308. 

Desmodium  paniculatum  (L.)  DC.  Panicled  tick  trefoil.  R,  H,  C3,  12309. 

Medicago  lupulina  L.  Black  medic.  I,  Th,  C3,  1 1893. 

Melilotus  alba  L.  White  sweet  clover.  I,  H,  C3,  1 1906. 

Melilotus  officinalis  L.  Yellow  sweet  clover.  R,  H,  C3,  1 1833. 

Robinia  pseudoacacia  L.  Black  locust.  I,  Ph,  C3,  1 1934. 

Trifolium  repens  L.  White  clover.  I,  H,  C3,  1 1865. 

FAGACEAE 

Fagus  grandifolia  Ehrh.  var.  caroliniana  (Loud.)  Fern.  &  Rehd.  American  beech.  F,  Ph, 
Q,  11910. 

Quercus  alba  L.  White  oak.  O,  Ph,  C3,  1 1908. 

Quercus  bicolor  Willd.  Swamp  white  oak.  R,  Ph,  C3,  12292. 

Quercus  coccinea  Muenchh.  Scarlet  oak.  R,  Ph,  C3,  12371. 

Quercus  falcata  Michx.  Southern  red  oak.  O,  Ph,  C3,  12324. 

Quercus  imbricaria  Michx.  Shingle  oak.  I,  Ph,  C3,  1 1909. 

Quercus  macrocarpa  Michx.  Bur  oak.  R,  Ph,  C3,  12325. 

Quercus  pagoda  Raf.  Cherrybark  oak.  R,  Ph,  C3,  12021. 

Quercus  palustris  Muenchh.  Pin  oak.  I,  Ph,  C3,  12022. 

Quercus  prinoides  Willd.  var.  acuminata  (Michx.)  Gl.  Yellow  chestnut  oak.  I,  Ph,  C3, 
11917. 

Quercus  prinus  L.  Rock  chestnut  oak.  R,  Ph,  C3,  12372. 

Quercus  rubra  L.  Red  oak.  I,  Ph,  C3,  12291. 

Quercus  shumardii  Buckley  Shumard  oak.  R,  Ph,  C3,  12373. 

Quercus  stellata  Wangh.  Post  oak.  I,  Ph,  C3,  12578. 

Quercus  velutina  Lam.  Black  oak.  F,  Ph,  C3,  12293. 

GERANIACEAE 

Geranium  carolinianum  L.  Wild  cranesbill.  I,  Th,  C3,  1 1884. 
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HAMAMELIDACEAE 
Hamamelis  virginiana  L.  Witch-hazel.  R,  Ph,  C3,  12217. 

Liquidambar  styraciflua  L.  Sweet  gum.  O,  Ph,  C3,  11918. 

HIPPOCASTANACEAE 

Aesculus  hippocastanum  L.  Horse  chestnut.  R,  Ph,  C3,  1 1808. 

Aesculus  pavia  L.  Red  buckeye.  O,  Ph,  C3,  1 1807. 

HYDROPHYLLACEAE 
Phacelia  bipinnatifida  Michx.  Phacelia.  O,  H,  C3,  1 1857. 

HYPERICACEAE 

Hypericum  punctatum  Lam.  Spotted  St.  John’s  wort.  R,  H,  C3,  12009,  12088. 

JUGLANDACEAE 

Carya  laciniosa  (Mill.)  K.  Koch  Kingnut  hickory.  I,  Ph,  C3,  12296. 

Carya  glabra  (Mill.)  Sweet  Pignut  hickory.  I,  Ph,  C3,  12374. 

Carya  ovata  (Mill.)  K.  Koch  Shagbark  hickory.  I,  Ph,  C3,  1 1951. 

Carya  tomentosa  (Poir.)  Nutt.  Mockemut  hickory.  I,  Ph,  C3,  1 1959. 

Juglans  cinerea  L.  Butternut.  R,  Ph,  C3,  12375. 

Juglans  nigra  L.  Black  walnut.  1,  Ph,  C3,  12332. 

LAMIACEAE 

Glechoma  hederacea  L.  var.  micrantha  Mac.  Ground  ivy.  I,  H,  C3,  1 1864. 
Hedeoma  pulegioides  (L.)  Pers.  American  pennyroyal.  I,  Th,  C3,  12065. 
Lamium  ample xicaule  L.  Henbit.  R,  Th,  C3,  12196. 

Lamium  purpureum  L.  Purple  dead  nettle.  O,  Th,  C3,  12197. 

Lycopus  virginicus  L.  Bugle  weed.  I,  H,  C3,  12063. 

Monarda  bradburiana  Beck  Wild  bergamot.  R,  H,  C3,  11895. 

Prunella  vulgaris  L.  var.  elongata  Benth.  Self-heal.  I,  H,  C3,  1 1848. 
Pycnanthemum  tenuifolium  Schrader  Slender  mountain  mint.  R,  H,  C3,  12094. 
Salvia  lyrata  L.  Cancer- weed.  R,  H,  C3,  1 1883. 

Scutellaria  incana  Biehler  Downy  skullcap.  R,  H,  C3,  12355. 

LAURACEAE 

Lindera  benzoin  (L.)  Blume  Spicebush.  R,  Ph,  C3,  12335. 

Sassafras  albidum  (Nutt.)  Nees  Sassafras.  F,  Ph,  C3,  1 1965. 

MAGNOLIACEAE 
Liriodendron  tulipifera  L.  Tulip  tree.  O,  Ph,  C3,  1 1942. 

Magnolia  grandiflora  L.  Southern  magnolia.  R,  Ph,  C3,  12297. 

Magnolia  X  soulangeana.  Saucer  magnolia.  R,  Ph,  C3,  12294. 

Magnolia  stellata  Thunb.  Star  magnolia.  R,  Ph,  C3,  1 1890a,  12298. 

MALVACEAE 

Hibiscus  laevis  L.  Halberd-leaved  mallow.  R,  H,  C3,  12121. 

Hibiscus  syriacus  L.  Rose-of-sharon.  I,  Ph,  C3,  1 1972. 

MEN1SPERMACEAE 
Menispermum  canadense  L.  Moonseed.  I,  Ph,  C3,  12376. 

M1MOSACEAE 

Albizzia  julibrissin  Duraz.  Mimosa.  R,  Ph,  C3,  12576. 

MORACEAE 

Maclura  pomifera  (Raf.)  Schneider  Osage  orange.  O,  Ph,  C3,  11943. 

Morus  alba  L.  White  mulberry.  O,  Ph,  C3,  1 1823. 

Morus  rubra  L.  Red  mulberry.  O,  Ph,  C3,  12299. 
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NYSSACEAE 

Nyssa  sylvatica  Marsh.  Black  gum.  I,  Ph,  C3,  12327. 

OLEACEAE 

Forsythia  viridissima  Lindl.  Forsythia.  R,  Ph,  C3,  12222. 

Fraxinus  americana  L.  White  ash.  F,  Ph,  C3,  12300. 

Fraxinus  pennsylvanica  Marsh.  Green  ash.  I,  Ph,  C3,  11817. 

Ligustrum  vulgare  Thunb.  Common  privet.  O,  Ph,  C3,  1 1946. 

ONAGRACEAE 

Oenothera  biennis  L.  Evening  primrose.  R,  Th,  C3,  12067. 

OXALIDACEAE 

Oxalis  dillenii  Jacq.  Yellow  wood  sorrel.  I,  H,  C3,  1 1838. 

Oxalis  stricta  L.  Yellow  wood  sorrel.  O,  H,  C3,  1 1858. 

PAPAVERACEAE 

Corydalis  flavula  (Raf.)  DC.  Pale  corydalis.  O,  Th,  C3,  12198. 

Dicentra  cucullaria  (Raf.)  Bernh.  Dutchman’s  breeches.  R,  Cr,  C3,  12187. 

Sanguinaria  canadensis  L.  Bloodroot.  R,  Cr,  C3,  11962. 

PASSIFLORACEAE 

Passiflora  incarnata  L.  Large  passion-flower.  R,  H,  C3,  12353. 

Passiflora  lutea  L.  var.  glabriflora  Fern.  Small  passion-flower.  R,  H,  C3,  12019. 

PHILADELPHACEAE 

Philadelphus  coronarius  L.  Mock-orange.  I,  Ph,  C3,  12322. 

PHRYMACEAE 

Phryma  leptostachya  L.  Lopseed.  R,  H,  C3,  12364. 

PHYTOLACCACEAE 

Phytolacca  americana  L.  Pokeweed.  F,  Cr,  C3,  1 1937. 

PLANTAGINACEAE 

Plantago  lanceolata  L.  English  plantain.  R,  H,  C3,  1 1966. 

Plantago  rugelii  Dene.  Rugel’s  plantain.  1,  H,  C3,  11938. 

Plantago  virginica  L.  Dwarf  plantain.  R,  Th,  C3,  1 1927. 

PLATANACEAE 

Platanus  occidentalis  L.  Sycamore.  O,  Ph,  C3,  12301. 

POLEMON1ACEAE 

Phlox  divaricata  L.  ssp.  laphamii  (Wood)  Wherry  Woodland  phlox.  R,  Ch,  C3,  12359. 
Polemonium  reptans  L.  Jacob’s  ladder.  R,  H,  C3,  1 1896. 

POLYGONACEAE 

Polygonum  cespitosum  Blume  var.  longisetum  (DeBruyn)  Stewart  Creeping  Smartweed. 
I,  Th,  C3,  11863. 

Polygonum  cuspidatum  Thunb.  Japanese  knotweed.  I,  H,  C3,  1 1885. 

Polygonum  punctatum  Ell.  Spotted  smartweed.  I,  Th,  C3,  12015. 

Polygonum  scandens  L.  Climbing  buckwheat.  O,  H,  C3,  12066,  12125. 

Polygonum  virginianumL.  Virginia  knotweed.  I,  H,  C3,  12311. 

Rumex  crispus  L.  Curly  dock.  R,  H,  C3,  11891. 

Rumex  obtusifolius  L.  Large-leaved  dock.  I,  H,  C3,  1 1820. 

PORTULACACEAE 
Claytonia  virginica  L.  Spring  beauty.  1,  Cr,  C3,  12186. 

PR1MULACEAE 

Samolus  valerandii  L.  Brookweed.  R,  H,  C3,  12361. 
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RANUNCULACEAE 
Anemone  virginiana  L.  Thimbleweed.  R,  H,  C3,  1 1956. 

Aquilegia  canadensis  L.  Wild  columbine.  R,  H,  C3. 

Delphinium  tricorne  Michx.  Larkspur.  R,  H,  C3,  12185. 

Hydrastis  canadensis  L.  Goldenseal.  R,  Cr,  C3,  12366. 

Ranunculus  abortivus  L.  Small-flowered  buttercup.  O,  H,  C3,  1 1842. 
Ranunculus  micranthus  Nutt.  Buttercup.  R,  H,  C3,  12202. 

Ranunculus  recurvatus  Poir.  Buttercup.  R,  H,  C3,  1 1849. 

ROSACEAE 

Crataegus  pruinosa  (Wendl.)  K.  Koch  Hawthorn.  R,  Ph,  C3,  1 1935. 
Duchesnea  indica  (Andr.)  Focke  Indian  strawberry.  I,  H,  C3,  1 1907,  12195. 
Geum  canadense  Jacq.  White  avens.  F,  H,  C3,  1 1964. 

Geum  vernum  (Raf.)  Torr.  &  Gray  Spring  avens.  I,  H,  C3,  1 1888. 

Malus  pumila  Mill.  Apple.  R,  Ph,  C3,  12200. 

Malus  sp.  Crabapple.  R,  Ph,  C3,  1 1950. 

Potentilla  simplex  Michx.  Common  cinquefoil.  R,  H,  C3,  12330. 

Prunus  cerasus  L.  O,  Ph,  C3,  1894. 

Prunus  nigra  L.  I,  Ph,  C3,  not  collected. 

Prunus  serotina  Ehrh.  Black  cherry.  A,  Ph,  C3,  1 1826. 

Rosa  multiflora  Thunb.  Multiflora  rose.  I,  Ph,  C3,  1 1913. 

Rubus  occidentalis  L.  Black  raspberry.  I,  H,  C3,  11914. 

Rubus  pensilvanicus  Poir.  Common  blackberry.  F,  H,  C3,  11859.  11916. 

RUBIACEAE 

Galium  aparine  L.  Goosegrass.  F,  Th,  C3,  1 1892. 

Galium  circaezans  Michx.  Wild  licorice.  I,  H,  C3,  1 1902. 

Galium  obtusum  Michx.  Wild  madder.  R,  H,  Q,  1 1882. 

Galium  triflorum  Michx.  Sweet-scented  bedstraw.  R,  H,  C3,  12365. 

Hedyotis  longifolia  var.  ciliolata  Long-leaved  bluets.  R,  H,  C3,  1 1901. 

SAPINDACEAE 

Koelreuteria  paniculata  Laxm.  Yellow-chain  tree.  R,  Ph,  C3,  11999. 

SCROPHULARIACEAE 

Gratiola  neglecta  Torr.  Clammy  hedge  hyssop.  I,  Th,  C3,  1 1879. 

Mimulus  alatus  Ait.  Winged  monkey-flower.  R,  H,  C3,  12062. 

Paulownia  tomentosa  Thunb.  Princess  tree.  R,  Ph,  C3,  12323. 

Penstemon  digitalis  Torr.  Foxglove  beardstongue.  R,  H,  C3,  1 1860. 
Verbascum  thapsus  L.  Woolly  mullein.  R,  H,  C3,  12352. 

Veronica  arvensis  L.  Corn  speedwell.  I,  Th,  C3,  1 1815. 

Veronica  per egrina  L.  White  speedwell.  I,  Th,  C3,  1 1840. 

SOLANACEAE 

Physalis  heterophylla  Nees  Clammy  ground  cherry.  R,  Cr,  C3,  12123. 
Solanum  ptycanthum  Dunal  Black  nightshade.  I,  Th,  C3,  12053. 

STYRACACEAE 

Halesia  Carolina  L.  Carolina  silverbell.  R,  Ph,  C3,  12188. 

TILIACEAE 

Tilia  americana  L.  Basswood.  R,  Ph,  Q,  12376. 

ULMACEAE 

Celtis  laevigata  Willd.  Sugarberry.  I,  Ph,  C3,  1 1926. 

Celtis  occidentalis  L.  Hackberry.  O,  Ph,  C3,  1 1933. 
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Ulmus  alata  Michx.  Winged  elm.  O,  Ph,  C3,  12354. 

Ulmus  americana  L.  American  elm.  F,  Ph,  C3,  12302. 

Ulmus  rubra  Muhl.  Slippery  elm.  I,  Ph,  C3,  12303. 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw.  False  nettle.  I,  Cr,  C3,  12006. 

Parietaria  officinalis  L.  Erect  pellitory-of-the  wall.  R,  H,  C3,  1 1920A. 

Parietaria  pensylvanica  Muhl.  Pellitory.  I,  Th,  C3,  1 1814. 

Pileapumila( L.)  Gray  Clearweed.  I,  Th,  C3,  12326. 

VALERIANACEAE 

Valerianella  radiata  (L.)  Dufr.  Corn  salad.  I,  Th,  C3,  1 1936. 

VERBENACEAE 

Verbena  urticifolia  L.  White  vervain.  R,  H,  C3,  12010. 

VIOLACEAE 

Hybanthus  concolor  (Spreng.)  T.F.  Forst.  Green  violet.  R,  H,  C3,  1 1852. 

Viola  pubescens  Ait.  var.  eriocarpa  (Schwein.)  Russell  Yellow  violet.  I,  H,  C3,  11811. 
Viola  rafinesquii  Greene  Johnny  jump-up.  R,  Th,  C3,  12190. 

Viola  sororia  Willd.  Hairy  blue  violet.  O,  H,  C3,  11813. 

VITACEAE 

Ampelopsis  cordata  Michx.  Raccoon  grape.  I,  Ph,  C3,  1 1944. 

Parthenocissus  quinquefolia  (L.)  Planch.  Virginia  creeper.  A,  Ph,  C3,  1 1955. 

Vitis  cinerea  Engelm.  Winter  grape.  O,  Ph,  C3,  1 1957. 

Vitis  vulpina  L.  Frost  grape.  O,  Ph,  C3,  1 1961. 
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Table  1.  Summary  of  growth  forms  in  the  flora  of  Thompson  Woods,  Jackson  County, 
Illinois. 


Growth  Form 

Annual 

Biennial 

Perennial 

C3  Graminoid 

1  j 

- 

39 

C4  Graminoid 

4 

- 

2 

C3  Forb 

52  j 

13 

103 

C4  Forb 

1  | 

- 

- 

Woody 

- 

- 

115 

Pteridophyte 

- 

- 

8 

Totals 

58  | 

13 

267 
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ABSTRACT 

Sand  Prairie-Scrub  Oak  Nature  Preserve,  Mason  County,  Illinois,  is  a  590  ha  preserve 
that  contains  extensive  sand-prairie  and  sand  forest  communities.  Quercus  velutina  (black 
oak)  dominates  the  forests  with  importance  values  of  148  to  196  (200  possible),  and  260 
to  468  stem/ha.  Other  overstory  species  included  Q.  marilandica  (blackjack  oak),  Carya 
ovata  (black  hickory),  and  C.  tomentosa  (mockemut  hickory).  Many  oaks  were  multiple¬ 
stemmed  with  2-5  stems  from  near  the  base.  The  ground-layer  vegetation  was  dominated 
by  Eupatorium  rugosum  (white  snakeroot),  Carex  pensylvanica  (Pennsylvania  sedge), 
Tradescantia  ohiensis  (smooth  spiderwort),  Parthenocissus  quinquefolia  (Virginia 
creeper),  and  Rubus  pensylvanicus  (Pennsylvania  blackberry).  The  woody  understory 
species  were  more  common  in  areas  that  had  not  been  subjected  to  recent  bums. 


INTRODUCTION 

The  Illinois  River  Sand  Area  of  Mason  and  Cass  Counties  was  the  last  extensive  area  in 
the  state  converted  to  agriculture.  In  the  early  1900s  thousands  of  acres  of  natural  sand 
communities  were  still  present  (Gleason  1910,  Sampson  1921).  With  the  advent  of  center 
pivot  irrigation  in  the  1940s,  most  of  these  lands  were  cultivated,  but  a  few  scattered 
remnants  provide  indications  of  past  species  diversity  and  plant  community  composition. 

These  sand  communities  were  intensively  studied  in  the  early  1900s  (Hart  and  Gleason 
1907,  Gleason  1910,  Vestal  1913,  Sampson  1921).  Later  studies  include  presettlement 
vegetation  of  the  Illinois  River  Sand  Area  using  Government  Land  Office  survey  records 
(Rodgers  and  Anderson  1979),  and  the  response  of  sand  forest  species  to  a  moisture  gra- 
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dient  (Adams  and  Anderson  1980).  Recently,  Jenkins  et  al.  (1991)  and  Coates  et  al. 
(1992)  studied  the  overstory  of  closed  canopy  sand  forests  in  Mason  County.  The 
response  of  these  sand  forests  to  fire  has  been  examined  by  Anderson  and  Brown  (1983, 
1986),  while  Nuzzo  et  al.  (1996)  reported  on  the  impact  of  fire  on  the  ground-layer  flora. 
The  present  study  was  undertaken  to  determine  the  structure  and  composition  of  the  for¬ 
est  communities  at  Sand  Prairie-Scrub  Oak  Nature  Preserve  (SPSONP),  and  the  apparent 
changes  in  these  communities  during  the  last  century. 

DESCRIPTION  OF  THE  STUDY  AREA 

The  590  ha  SPSONP  is  located  between  the  towns  of  Bath  and  Kilborne  (T20N  R9W 
S14,  S23,  Nl/2  S26)  in  Mason  County.  It  is  situated  in  the  Illinois  River  Section  of  the 
Illinois  River  and  Mississippi  River  Sand  Areas  Natural  Division  (Schwegman  1973). 
The  soils  of  this  region,  which  includes  most  of  Cass  and  Mason  Counties,  resulted  from 
the  Kankakee  Torrent  between  14,000  to  15,000  years  ago  (Willman  and  Frye  1970). 
After  the  floodwaters  subsided,  wind  action  created  large  sand  dunes  known  as  the  Park¬ 
land  Formation.  Dunes  and  areas  of  actively  moving  sand  characterize  much  of  the 
SPSONP.  These  soils  consist  of  about  95%  sand,  4%  silt,  and  1%  clay;  pH  ranges  from 
5.1  to  5.3;  and  organic  matter  and  nitrogen  are  very  low  (Benjamin  et  al.  1989). 

The  preserve  was  purchased  by  the  Illinois  Department  of  Conservation  in  1969,  and 
dedicated  as  an  Illinois  Nature  Preserve  in  1970.  At  the  time  of  purchase,  the  site  was  a 
mixture  of  remnant  sand  communities  and  abandoned  agricultural  land.  Past  manage¬ 
ment  practices  consisted  mainly  of  protecting  the  site  from  off-road  vehicles,  occasional 
burns,  and  the  removal  of  exotic  and  invasive  species,  particularly  Robinia  pseudoacacia 
L.  (black  locust),  and  all  pine  plantations. 

All  four  study  areas  are  located  on  ancient  stabilized  dunes  characterized  by  a  flat  to  gen¬ 
tly  rolling  topography.  Each  study  area  was  selected  based  on  their  different  fire  regimes, 
and  all  are  located  sufficiently  far  from  the  forest  edge  or  other  disturbances  to  eliminate 
edge  effect. 

Area  1-Near  the  northeast  corner  of  the  preserve.  Burned  in  the  spring  or  fall 
seven  times  in  the  past  ten  years,  the  last  fire  in  the  fall  of  1994. 

Area  2- About  200  m  west  of  the  parking  lot,  and  100  m  north  of  an  east/west 
fire  line,  this  site  was  burned  in  the  fall  of  1992. 

Area  3 -About  100  m  west  of  the  parking  lot,  and  100  m  south  of  an  east/west 
fire  line,  this  site  was  burned  in  the  fall  of  1994. 

Area  4- Near  the  southwest  corner  of  the  preserve,  this  site  has  not  been  burned 
for  the  past  30  years. 

MATERIALS  AND  METHODS 

During  the  summer  of  1995  the  overstory  of  four  study  areas  was  surveyed.  Each  area,  1 
ha  in  size,  was  divided  into  quadrats  25  m  on  a  side  (16  quadrats  in  each  study  area),  and 
the  number,  size  and  species  of  all  live  and  dead-standing  stems  <10cm  dbh  were 
recorded  for  each  quadrat.  The  average  diameter  (cm),  density  (stems/ha),  basal  area 
(m2/ha),  relative  density,  relative  dominance  and  importance  value  (IV)  were  calculated 
for  each  species  (McIntosh  1957).  The  percent  cover  was  determined  by  photographing 
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the  canopy  from  below  (16  points)  and  calculating  the  percent  of  the  area  covered  using  a 
100  point  dot  matrix. 

The  woody  understory  was  sampled  using  32  nested  circular  plots  located  randomly 
along  line  transects  throughout  each  area.  Woody  seedlings  (<40  cm  tall)  and  shrubs  were 
tallied  on  0.0001  ha  plots.  Small  saplings  (>40  cm  tall,  <2.5  cm  dbh)  were  recorded  in 
0.001  ha  plots,  while  large  saplings  (2.5-9.9  cm  dbh)  were  recorded  in  0.01  ha  plots. 
Densities  (stems/ha)  were  determined  for  each  size  class  in  each  study  area. 

In  each  of  the  four  study  areas,  four  transects  25  m  long  were  located  randomly  in  a 
north-south  orientation.  Along  each  transect,  1/4  nr  quadrats  were  located  at  1  m  inter¬ 
vals  to  the  east  (odd  numbers)  or  to  the  west  (even  numbers)  of  the  transect.  A  random 
numbers  table  was  used  to  determine  the  number  of  m  (0-9)  the  quadrats  were  located 
from  the  transect.  The  percent  cover  of  each  species  was  determined  using  the  Dauben- 
mire  (1959)  cover  classes  as  modified  by  Bailey  and  Poulton  (1968):  class  1  =0-1%; 
class  2  =  2-5%;  class  3  =  6-25%;  class  4  =  26-50%;  class  5  =  51-75%;  class  6  =  76-95%; 
class  7  =  96-100%.  From  these  data  the  percent  cover,  frequency,  relative  cover,  relative 
frequency  and  importance  value  of  each  species  was  determined.  The  Sorenson  Index  of 
Similarity  (IS)  (Mueller-Dombois  and  Ellenberg  1974)  was  used  to  determine  the  degree 
of  similarity  between  the  study  sites  [IS  =  2C/(A+B)xl00].  Nomenclature  follows 
Mohlenbrock  (1986). 


RESULTS 


Overstory 

Quercus  velutina  Lam.  (black  oak)  dominated  the  overstory.  It  ranked  highest  in  relative 
density,  relative  dominance  and  IV  (148-196  out  of  200),  and  averaged  between  260  and 
468  stems/ha  (Table  1).  Quercus  mariulandica  Muenchh.  (blackjack  oak)  ranked  second 
with  an  IV  of  2.7  to  50.2,  with  no  individuals  exceeding  27  cm  dbh.  Carya  texana  Buckl. 
(black  hickory)  was  present  in  all  study  areas,  but  never  exceeded  an  IV  of  4.3.  The  only 
other  species  that  entered  the  canopy  were  Carya  tomentosa  (Poir)  Nutt,  (mockernut 
hickory)  and  Prunus  serotina  Ehrh.  (black  cherry).  All  study  areas  had  83-88%  canopy 
cover. 

Multiple-stemmed  trees  were  common,  ranging  from  70  to  96  trees/ha  in  the  study  areas, 
15-25%  of  the  stands  (Table  2).  The  basal  area  of  coppice  stems  averaged  5.9  to  11.4 
m2/ha,  25-55%  of  the  stands.  Coppice  individuals  averaged  about  two  living  stems  per 
tree,  although  some  had  as  many  as  five  living  stems  along  with  some  dead-standing 
stems.  Most  coppice  individuals  were  oak  species,  and  were  extensively  fire  scared  near 
the  base.  Tree  mortality  was  high,  47-95  stems/ha,  with  black  oaks  accounting  for  most 
of  this  number  (Table  3). 

Woody  understory 

The  understories  in  the  study  areas  were  open  with  few  understory  trees  or  saplings 
(Table  1).  Large  saplings  were  uncommon,  none  being  found  in  area  1,  with  up  to  35 
stems/ha  in  the  other  study  areas.  Small  saplings  averaged  from  62-999  stems/ha, 
although  most  were  less  than  100  cm  tall.  Common  saplings  were  black  hickory,  fol¬ 
lowed  by  a  few  black  oak  and  almost  no  blackjack  oak  (Table  1). 
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Woody  seedlings  were  common  in  all  study  areas,  7,502-12,501  stems/ha  (Table  1). 
Black  oak  seedlings  accounted  for  more  than  75%  of  the  individuals  present,  the  remain¬ 
ing  overstory  taxa  being  poorly  represented.  Two  of  the  four  study  areas  (3  &  4)  had 
higher  plant  species  richness,  black  cherry  being  fairly  common,  with  the  vine  Celastrus 
scandens  L.  (bittersweet)  and  the  shrub  Ceanothus  americanus  L.  (New  Jersey  tea)  pre¬ 
sent. 

Ground-layer  vegetation 

The  ground-layer  vegetation  of  the  four  study  areas  contained  74  species,  18  tree  seed¬ 
lings,  shrubs  or  woody  vines,  five  grasses  and  sedges,  four  alien  taxa,  and  47  forbs  (Table 
4).  Woody  species  were  common  in  the  ground-layer  vegetation  of  the  four  study  areas, 
their  total  IV's  ranging  from  38-106  (Table  4).  Black  oak  seedlings  were  common  in  all 
areas  (IV  of  4.5-16.2),  while  members  of  the  genus  Rubus  spp.  (blackberries  and  raspber¬ 
ries)  and  Parthenocissus  quinquefolia  (L.)  Planch.  (Virginia  creeper)  were  common  in 
areas  3  and  4,  which  had  not  been  subjected  to  recent  fires.  Other  woody  species  with 
high  cover  in  one  or  more  study  areas  included  black  cherry  and  Toxicodendron  radicans 
(L.)  Kuntze  (poison  ivy). 

Grasses  and  sedges  were  not  abundant  (Table  4).  Carex  pensylvanica  Lam.  (Pennsylvania 
sedge)  occurred  in  all  areas,  while  C.  festucacea  Willd.  (sedge)  and  Dichanthelium  villo- 
sissimum  (Nash)  Freckm.  (hairy  panic  grass)  were  less  frequently  encountered.  The  only 
common  exotic  grass  was  Poa  pratensis  L.  (Kentucky  bluegrass). 

Forbs  usually  accounted  for  the  majority  of  the  ground-layer  cover  in  the  study  areas,  but 
only  four  taxa  were  common  to  all  areas:  Eupatorium  rugosum  Houtt.  (white  snakeroot) 
with  an  IV  of  37.5-52.9,  followed  by  Tradescantia  ohiensis  Raf.  (spiderwort),  Solidago 
nemoralis  Ait.  (field  goldenrod),  and  Fragaria  virginiana  Duchesne  (common  straw¬ 
berry)  (Table  4).  Other  forbs  with  high  IV's  in  most  areas  included  Helianthus  divarica- 

a 

tus  L.  (woodland  sunflower),  and  the  herbaceous  vine  Amphicarpa  bracteata  (L.)  Fern, 
(hog  peanut).  The  remaining  forbs  were  only  common  in  one  of  the  study  areas,  or  had 
very  low  IV's.  Based  on  Sorenson's  Similarity  Index,  the  ground-layer  vegetation  of  the 
four  study  areas  was  fairly  similar,  ranging  from  48.1  to  62.5  (Table  5). 

DISCUSSION 

In  presettlement  times,  the  wooded  areas  of  the  SPSONP  were  mostly  open  woodlands 
and  savannas,  particularly  in  areas  with  some  relief  (Rodgers  and  Anderson  1979).  Due 
to  extensive  fires  (McClain  and  Elzinga  1994),  these  forests  were  undoubtedly  more  open 
in  the  past,  the  ground-layer  being  composed  of  shrubs  and  herbaceous  species  that  were 
common  sand  prairie  components  (Hart  and  Gleason  1907).  Aerial  photographs  from 
1938  show  a  very  open  woods  with  scattered  blowouts. 

Since  settlement  by  Europeans,  the  natural  vegetation  of  Illinois  has  been  affected  by  fire 
suppression  (Ebinger  and  McClain  1991).  According  to  Gleason  (1910)  and  Vestal 
(1913),  the  open  forests  and  savannas  of  the  sand  areas  of  Mason  County  were  becoming 
closed  forests  by  the  early  1900s.  Blackjack  oak  accounted  for  about  50%  of  the  over¬ 
story  in  these  forests,  black  oak  about  35%,  and  black  hickory  the  remainder  (Hart  and 
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Gleason  1907).  Trees  rarely  exceeded  12  inches  dbh,  were  very  crooked,  gnarled,  and  full 
of  dead  branches.  Our  data  indicate  that,  over  time,  the  forest  canopy  closed  and  black 
oak  became  the  dominant  species  with  blackjack  oak  and  few  hickory  species  being  of 
minor  importance. 

Other  closed  canopy  forests  communities  in  Mason  County,  have  a  similar  composition 
and  structure.  Both  Bishop's  Woods  (Jenkins  et  al.  1991),  and  Barkhausen  Woods 
(Coates  et  al.  1992)  are  presently  closed  canopy  forests  with  black  oak  the  dominant 
overstory  species  along  with  scattered  individuals  of  blackjack  oak  and  black  hickory.  In 
both  woods,  the  mesic  species  Sassafras  albidum  (Nutt.)  Nees  (sassafras),  Ulmus  ameri- 
cana  L.  (American  elm),  and  Celtis  occidentalis  L.  (hackberry)  are  entering  the  canopy. 
The  closed  canopy,  and  past  fire  suppression  has  probably  encouraged  the  growth  of 
these  mesophytes. 

Past  burns  are  probably  responsible  for  the  high  mortality,  and  multiple-stemmed  indi¬ 
viduals  in  the  forests  of  the  SPSONP.  Most  trees  contain  fire  scars  at  the  base,  and  many 
of  the  multiple-stemmed  trees  have  one  or  more  dead  trunks.  In  Area  1,  which  has  been 
burned  seven  times  between  1984  and  1994,  dead-standing  individuals  accounted  for 
more  than  16%  of  the  stand.  In  the  remaining  study  areas,  which  burned  less  frequently, 
dead-standing  stems  account  for  about  10%  of  the  stands.  Based  on  the  numerous  multi¬ 
ple-stemmed  individuals,  and  the  numerous  fire  scars,  it  is  very  likely  that  fires  were 
common  before  the  area  was  dedicated  as  a  nature  preserve. 

Most  of  the  prescribed  burns  in  the  study  areas  have  been  low  intensity  fires.  These  fires 
have  not  had  much  effect  on  the  large  sapling  layer  which  is  relatively  open,  and  have  not 
resulted  in  extensive  canopy  openings.  Similar  results  were  obtained  by  Nuzzo  et  al. 
(1996)  where  annual  fires  resulted  in  a  minor  decrease  in  the  woody  cover  at  the  Sand 
Ridge  State  Forest,  Mason  County,  Illinois.  During  the  present  study,  a  decrease  in  fire 
frequency  resulted  in  an  increase  in  Virginia  creeper  and  blackberries. 

The  ground-layer  of  all  four  study  areas  was  very  similar  (Table  4  and  5).  The  woodland 
forb  Eupatorium  rugosum  dominated  with  IV's  ranging  from  37.7  to  52.9.  This  taxon 
increases  in  sand  forests  after  ground  fires,  sometimes  increasing  fourfold  in  importance 
(Nuzzo  et  al.  1996).  Many  of  the  remaining  forbs  were  also  species  of  shaded  habitats, 
though  some  prairie  forbs  with  low  IV's  were  encountered.  Also,  many  of  the  woody  spe¬ 
cies  encountered  in  the  study  areas  were  common  woodland  taxa.  Sand  prairie  species 
were  mostly  absent  from  these  habitats  although  early  observations  by  Hart  and  Gleason 
(1907),  Gleason  1910,  and  Sampson  (1921)  indicated  an  open  woods  with  sand  prairie 
species  common  in  the  ground-layer.  With  forest  canopy  closure  due  to  fire  suppression, 
most  of  these  prairie  species  have  been  eliminated  from  the  forest  interior. 
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Table  2.  Densities  (stems/ha),  basal  areas  (m2/ha),  and  average  diameters  of  live  coppice 
stems  at  the  Sand  Prairie-Scrub  Oak  Nature  Preserve,  Mason  County,  Illinois. 


Coppice 

Trees 

Stems/ha 

Average 
Number  of 

Stems/tree 

Basal  Area 
(nr/ha) 

Average 

Diameter 

(cm) 

AREA#  1 

Quercus  velutina 

76 

1.84 

5.936 

22.6 

Totals 

76 

5.936 

AREA  #2 

Quercus  velutina 

55 

2.25 

6.903 

25.7 

Quercus  marilandica 

15 

2.27 

1.026 

19.3 

Totals 

70 

7.929 

AREA  #3 

Quercus  velutina 

88 

2.17 

11.026 

26.6 

Quercus  marilandica 

6 

2.17 

.354 

18.2 

Carya  texana 

1 

2.00 

.018 

10.6 

Prunus  serotina 

1 

2.00 

.018 

10.7 

Totals 

96 

11.416 

AREA  #4 

Quercus  velutina 

58 

2.05 

6.537 

25.9 

Quercus  marilandica 

12 

2.00 

.894 

21.3 

Totals 

70 

7.431 

Table  3.  Densities  (#/ha),  basal  areas  (m2/ha),  and  average  diameters  (cm)  of  dead¬ 
standing  stems  at  Sand  Prairie-Scrub  Oak  Nature  Preserve,  Mason  County, 
Illinois. 


Trees,  #/ha 

Basal  Area 

Av.Diam. 

AREA#  1 

Quercus  velutina 

85 

1.771 

15.1 

Quercus  marilandica 

10 

.295 

19.0 

Totals 

95 

2.066 

AREA  #2 

Quercus  velutina 

27 

.983 

20.1 

Quercus  marilandica 

24 

.386 

14.2 

Totals 

51 

1.369 

AREA  #3 

Quercus  velutina 

50 

1.303 

17.3 

Quercus  marilandica 

3 

.063 

16.4 

Totals 

53 

1.366 

AREA  #4 

Quercus  velutina 

34 

.905 

17.5 

Quercus  marilandica 

13 

.227 

14.5 

Totals 

47 

1.132 
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Table  4.  Importance  Values  (IV)  of  ground-layer  vegetation  life-form  groups  and  for 
species  (IV  >1.5)  encountered  in  the  four  study  areas  at  the  Sand  Prairie-Scrub 
Oak  Nature  Preserve,  Mason  County,  Illinois. 


Area  1 

Area  2 

Area  3 

Area  4 

Life-forms  IV 

Total  species  in  each  area 

33 

49 

30 

47 

Woody 

53.6 

38.2 

106.1 

62.6 

Graminoid 

36.4 

18.1 

6.8 

10.1 

Forbs 

109.1 

136.6 

86.4 

123.3 

Aliens 

0.9 

7.1 

0.7 

4.0 

Species  IV 

Euatorium  rugosum 

52.9 

37.5 

51.4 

49.1 

Carex  pensylvanica 

30.7 

10.0 

4.5 

3.9 

Tradescantia  ohiensis 

16.8 

9.5 

7.9 

6.9 

Quercus  velutina 

16.2 

5.6 

8.6 

4.5 

Solidago  nemoralis 

10.5 

3.7 

3.6 

15.1 

Helianthus  divaricatus 

10.1 

29.4 

— 

5.0 

Parthenocissus  quinquefolia 

8.7 

7.3 

49.4 

19.1 

Rosa  Carolina 

8.4 

— 

— 

0.7 

Prunus  serotina 

7.9 

0.4 

0.4 

2.5 

Amphicarpa  bracteata 

4.1 

19.4 

1.4 

— 

Rubus  occidental  is 

3.9 

2.2 

15.7 

3.6 

Fragaria  virginiana 

3.9 

3.5 

0.4 

7.3 

Cassia  nictitans 

3.0 

1.6 

— 

1.0 

Carex  festucacea 

2.7 

3.3 

— 

0.6 

Lespedeza  capitata 

2.2 

1.3 

— 

3.8 

Dichanthelium  villosissimum 

2.0 

3.7 

2.3 

5.6 

Celastrus  scandens 

2.0 

0.4 

— 

0.7 

Rudbeckia  hirta 

1.9 

— 

— 

2.7 

Rhus  glabra 

1.7 

— 

— 

2.0 

Toxicodendron  radicans 

1.5 

9.5 

— 

— 

Lithospermum  caroliniense 

0.5 

1.5 

— 

0.4 

Penstemon  pallidus 

0.5 

1.1 

— 

1.6 

Rubus  pensylvanicus 

— 

9.3 

23.8 

23.1 

Scrophularia  lanceolata 

— 

7.8 

0.7 

0.4 

Poa  pratensis 

— 

4.6 

— 

3.7 

Rubus  flagellaris 

— 

3.1 

— 

— 

Galium  pilosum 

— 

3.0 

0.4 

— 

Polygonum  convolvulus 

— 

2.5 

0.7 

0.3 

Euthamia  graminifolia 

— 

2.5 

— 

— 

Apocynum  cannabinum 

— 

1.6 

— 

— 

Carya  texana 

— 

0.4 

2.0 

1.2 

Teucrium  canadense 

— 

— 

8.4 

— 

Potentilla  simplex 

— 

— 

5.5 

14.8 

Ceanothus  americanus 

— 

— 

2.5 

2.6 

Ribes  missouriense 

-- 

— 

2.2 

— 

Vitis  riparia 

— 

— 

1.5 

0.9 

Eupatorium  serotinum 

— 

— 

0.8 

3.4 

Hackelia  virginiana 

— 

— 

— 

1.6 

Smilacina  racemosa 

— 

— 

— 

1.5 

Others 

7.9 

14.3 

5.9 

10.4 
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Table  5.  A  comparison  of  the  ground  layer  vegetation  of  the  four  study  areas  using  the 
Sorensen's  Similarity  Index. 


Area  1 

Area  2 

Area  3 

Area  4 

Area  2 

56.1 

Area  3 

48.1 

50.6 

Area  4 

62.5 

62.5 

57.1 
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ABSTRACT 

Illinois  experienced  record  high  financial  losses  from  weather  extremes  during  the  1990s. 
Questions  about  the  causes  of  the  extreme  losses  were  raised  by  those  most  impacted 
including  state  government  agencies,  the  insurance  industry,  agricultural  interests,  the 
public,  and  other  weather-sensitive  sectors  of  the  economy.  Answers  were  sought  using 
analysis  of  historical  records  of  all  forms  of  extreme  weather  events  and  only  heavy  rain 
events  displayed  any  recent  increase.  Studies  of  societal  changes  including  population 
growth,  demographic  shifts  to  large  urban  areas,  business  becoming  highly  dependent  on 
high  speed  freight  shipments,  a  greater  dependence  on  electrical  power,  and  a  general 
growth  in  wealth  were  identified  as  key  factors  causing  recent  increases  in  losses.  The 
lack  of  changes  in  most  storm  frequencies  or  intensities,  coupled  with  these  lifestyle 
shifts,  reveals  that  changes  in  the  weather  and  climate  are  not  the  explanation  for  the 
increased  losses  in  Illinois.  Societal  change  is  the  answer.  The  societal  factors  will  con¬ 
tinue  to  make  losses  ever  larger  in  the  future,  and  if  a  shift  in  climate  to  more  storms 
occurs  as  some  predict,  the  situation  would  become  much  worse. 


INTRODUCTION 

The  1990s  had  the  most  costly  and  deadly  weather  events  in  Illinois’  history.  Losses 
amounted  to  $1.1  billion  from  the  1993  flood  (Changnon,  1996),  and  $0.65  billion  from 
the  1996  summer  flood  in  northeastern  Illinois  (Changnon,  1999a).  The  century’s  mostly 
deadly  weather  event,  the  July  1995  heat  wave,  led  to  753  deaths  (Changnon  et  al.,  1996). 
Another  major  heat  wave  in  July  1999  killed  101  in  Illinois  (Palecki  et  al.,  2001).  Illinois 
led  the  nation  with  123  tornadoes  in  1998.  In  January  1999  the  state’s  second  worst  bliz¬ 
zard  of  the  century  led  to  34  deaths  and  closed  down  the  northern  half  of  Illinois  for  sev¬ 
eral  days.  Losses  and  costs  of  repairs  amounted  to  $0.3  billion  (MCC,  1999).  Governor 
Edgar  declared  the  entire  state  a  disaster  area. 

Many  persons  and  institutions  in  Illinois  were  seriously  impacted  by  these  losses.  Those 
most  affected  included  the  insurance  industry,  government  agencies  providing  relief  and 
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rebuilding  damaged  infrastructure,  and  the  state’s  weather-sensitive  business  communi¬ 
ties.  This  included  the  state’s  agriculture  interests  (farmers  and  agribusinesses),  retail 
business,  manufacturing,  and  transportation.  A  mix  of  societal  and  economic  conditions 
make  Illinois  very  vulnerable  to  severe  weather  with  a  potential  for  extremely  large 
losses.  For  example,  Illinois  is  the  core  of  the  nation’s  transportation  systems  and  has  the 
nation’s  busiest  airport.  Chicago  is  the  rail  hub  of  the  nation,  and  Illinois  is  the  heart  of 
the  nation’s  trucking  industry.  Severe  weather,  including  floods  and  winter  storms,  close 
or  slow  various  forms  of  transportation  for  days  and  weeks. 

The  seriously  impacted  groups  in  Illinois  have  been  asking  the  scientific  community  key 
questions  about  the  huge  losses  of  the  1990s.  Were  the  high  losses  of  the  1990s  a  singu¬ 
lar  unique  period,  such  that  high  losses  would  disappear  in  the  new  millennium?  Were 
the  large  losses  the  start  of  an  upward  trend  that  would  continue  into  the  foreseeable 
future?  Would  the  future  experience  even  worse  losses?  What  were  the  causes  of  the 
recent  high  losses,  a  temporary  climate  fluctuation  or  a  permanent  shift  in  climate?  Was 
the  change  in  the  1990s  related  to  global  warming? 

A  series  of  studies  involving  the  physical  and  social  sciences  have  been  pursued  and  spe¬ 
cial  databases  developed  to  answer  these  questions.  The  goal  of  the  research  was  to  iden¬ 
tify  the  causes  of  the  increased  weather- related  losses  and  to  assess  possible  future  trends 
in  Illinois. 


ESCALATING  LOSSES 

Federal  and  state  disaster  relief  for  weather  extremes  escalated  in  the  1990s,  setting 
national  records:  $15.8  billion  in  federal  aid  was  paid  during  1992-1998,  and  a  one-year 
record  $7  billion  paid  in  1994  (Sylves,  1998).  Illinois  spent  more  than  $2  billion  in  relief 
and  assistance  costs.  Hurricane  Andrew  in  1992  set  an  all-time  loss  record  for  one  event 
($30  billion),  followed  by  the  1993  flood  ($19  billion)  in  the  upper  Midwest  (National 
Research  Council,  1999).  These  huge  losses  focused  attention  across  the  nation  on  the 
escalating  costs  of  natural  hazards.  The  Clinton  Administration  and  Congress  responded 
to  the  loss  problem  because  its  magnitude  threatened  efforts  to  balance  and  reduce  the 
federal  budget.  For  example,  the  1993  flood  losses  led  to  major  changes  in  the  flood 
insurance  and  crop  insurance  laws  (Changnon  and  Easterling,  2000). 

A  recent  study  of  property  insurance  data  for  the  Midwest  showed  that  46  severe  weather 
events,  each  causing  more  than  $100  million  in  insured  property  losses,  occurred  during 
1990-1999,  as  compared  to  48  such  events  in  the  entire  30  preceding  years  (Changnon, 
1999b).  Figure  1  presents  the  trend  of  these  major  damaging  storms  in  the  Midwest, 
showing  the  values  grew  from  4  per  5-year  period  in  the  1960s  to  more  than  20  per  5- 
year  period  in  the  1990s.  There  is  no  doubt  that  within  the  region  losses  from  extremes 
have  grown  rapidly. 

Flood  losses  in  Illinois  rank  as  the  third  highest  in  the  nation,  averaging  $257  million 
annually  since  1983.  Within  Illinois  and  the  Midwest,  on  the  average,  flood  losses  have 
been  increasing  over  time  at  a  greater  rate  than  elsewhere  in  the  nation  (Changnon  et  al., 
2001).  Over  the  45-year  period  (1955-1999)  Illinois  had  $5,195  billion  in  flood  losses, 
and  74%  of  these  losses  occurred  in  the  last  15  years  (1985-1999).  Flooding  leads  as  the 
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single  most  damaging  weather  hazard  in  the  State.  Ever  increasing  heavy  precipitation 
since  the  1940s  has  led  to  increased  flood  peaks  on  State  rivers  (Changnon  and  Demissie, 
1996). 

Major  losses  to  private  and  public  institutions  in  Illinois  from  the  severe  1999  blizzard 
amounted  to  $0.3  billion  and  many  problems  centered  on  transportation  (Table  1).  Many 
of  the  severe  transportation  problems  created  numerous  other  problems  (MCC,  1999). 
Most  retail  businesses  were  closed  for  1  or  2  days  and  lost  business  for  several  days 
thereafter.  Blocked  streets  and  country  roads  led  to  school  closings  throughout  Illinois 
lasting  3  to  7  days.  Even  by  January  9,  a  week  after  the  storm,  only  47  percent  of  the 
students  in  Chicago  schools  were  able  to  attend  classes.  Because  the  Midwest  is  the 
prime  source  of  fresh  blood  supplies  and  many  donors  could  not  reach  hospitals  to  donate 
blood,  the  storm  also  created  a  nationwide  blood  shortage. 

National  winter  storm  losses  in  the  1950-1997  period,  as  measured  by  the  property  insur¬ 
ance  industry,  had  a  significant  upward  trend,  peaking  at  nearly  $0.6  billion  per  year 
during  the  1990s  (Changnon  and  Hewings,  2001).  Illinois  averaged  $102  million  annu¬ 
ally  in  winter  storm  losses  during  the  1990s. 

Heat  waves  are  another  weather  hazard  that  have  caused  increased  losses.  Illinois,  during 
the  1990s,  experienced  two  of  its  most  deadly  heat  waves.  Although  of  relatively  short 
duration,  the  1995  event  led  to  753  state  deaths,  the  greatest  on  record  (Changnon  et  al., 
1996).  The  heat  waves  in  1995  and  1999  also  caused  major  power  outages  in  the  Chicago 
metropolitan  area  as  various  components  of  the  region’s  power  system  failed.  Heat 
waves  rank  as  the  single  most  deadly  type  of  weather  event  in  Illinois.  The  annual  aver¬ 
age  number  of  heat-related  deaths  is  74,  compared  to  6  from  lightning,  5  from  tornadoes, 
and  4  from  floods  (Changnon  et  al.,  1996). 

A  data  base  created  from  historical  property  insurance  records  for  1949-1998  served  as 
the  basis  for  a  study  of  thunderstorm-related  losses  in  Illinois.  Each  event  causing  $1 
million  of  more  in  losses,  labeled  a  catastrophe  by  the  insurance  industry,  was  identified 
(Changnon,  2001).  These  losses  included  those  due  to  tornadoes,  hail,  high  winds  and/or 
lightning.  In  the  50-year  period,  Illinois  had  156  thunderstorm  catastrophes  and  they 
caused  losses  totaling  $5,148  billion  (Changnon,  2001).  Temporal  analysis  of  their  inci¬ 
dence  revealed  that  96,  or  61%,  have  occurred  since  1988.  The  losses  were  also  concen¬ 
trated  in  recent  years  with  $4.2  billion,  or  82%  of  the  state’s  total,  in  the  1989-1998 
period. 

In  summary,  the  losses  from  floods,  winter  storms,  thunderstorms  and  their  damaging 
conditions,  and  heat  waves  all  display  major  increases  during  the  1990s,  reaching  record 
high  levels. 


CAUSES 

Some  scientists  claimed  that  these  recent  increases  in  losses  from  weather  extremes  in 
Illinois  and  elsewhere  in  the  nation  since  1990  were  a  signal  of  climate  change  due  to 
global  warming  (Nicholls,  1995).  Other  scientists  claimed  the  recent  aberrations  were  a 
part  of  the  normal  fluctuations  that  occur  in  the  highly  variable  continental  type  climate 
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of  the  Midwest  (Changnon  et  al.,  1997).  Still  others  say  the  increased  losses  may  not  be  a 
result  of  shifts  in  the  weather  but  rather  increased  vulnerability  of  our  nation’s  populace 
to  weather  extremes  (Kunreuther,  1998). 

Possible  Physical  Causes 

In  order  to  determine  the  causes,  historical  data  on  the  frequency  and  intensity  of  actual 
weather  events  that  cause  losses  were  analyzed.  Special  100-year  historical  databases  on 
thunderstorms,  heavy  rainstorms,  and  hailstorms  were  developed  to  facilitate  this 
research.  A  recent  study  of  storm  activity  in  Illinois  showed  the  same  frequency  of  thun¬ 
derstorms  during  the  1990s  as  in  the  prior  40  years  (Changnon  and  Changnon,  2001). 
The  annual  frequencies  of  hail  days  in  Illinois  were  assessed  and  they  revealed  a  peak  in 
mid  century  but  no  increases  during  the  last  20  years  (Changnon,  1995).  Crop-hail  losses 
in  Illinois,  after  adjustment  for  changing  liability,  have  been  in  a  slow  but  steady  decline 
over  the  past  25  years.  Analysis  of  heavy  rain  events  occurring  over  periods  of  1  to  7 
days  duration  and  during  the  1921-1996  period,  revealed  a  continuing  increase  since  the 
1950s  with  the  highest  number  in  the  1990s  (Kunkel  et  al.,  1999a).  The  amount  of  rain  in 
annual  peak  rains  has  also  increased  over  time  (Changnon  and  Demissie,  1996). 

A  recent  study  of  the  state’s  climate  during  the  20th  Century  provided  additional  informa¬ 
tion.  Since  the  1940s  the  state’s  climate  has  gradually  become  wetter,  with  5  to  7  cm 
more  precipitation  per  year  in  the  1990s  as  in  the  1940s,  and  climate  has  become  cooler 
by  about  1°C.  Analysis  of  the  state’s  11  worst  heat  waves,  as  based  on  temperatures  and 
humidity  conditions,  revealed  most  occurred  in  the  1930s  and  1950s  and  there  was  no 
evidence  of  an  upward  trend  (Kunkel  et  al.,  1996).  Assessment  of  weather  effects  on 
the  state’s  water  resources  and  on  corn  production  since  1900  shows  many  fewer  bad 
growing  season  weather  conditions  occurred  during  the  38  years  since  1960  than  during 
the  first  60  years  of  the  20th  Century  (Changnon  and  Winstanley,  2000).  Analysis  of 
winter  storms  in  Illinois  shows  little  change  in  frequency  with  a  slow  decline  over  the 
past  25  years.  The  annual  number  of  tornadoes  varies  greatly  between  years,  but  the 
number  of  days  on  which  tornadoes  occur  has  not  increased  over  the  past  40  years.  The 
state’s  high  frequency  in  1998  was  anomalous.  Consequently,  most  types  of  weather  and 
climate  conditions  that  cause  problems  in  Illinois  and  elsewhere  in  the  Midwest  have  not 
increased  and,  in  some  instances,  have  even  decreased  (Kunkel  et  al.,  1999b).  Only  heavy 
rains  increased  over  time.  The  data  for  Illinois  shows  no  indication  of  a  recent  shift  in 
climate. 

Possible  Societal  Causes 

Studies  of  societal  factors  that  could  affect  the  magnitude  of  storm  losses  have  also  been 
conducted.  Assessment  of  various  societal  conditions  revealed  several  potential  reasons 
underlying  the  recent  growth  in  extreme  weather  losses. 

One  example  relates  to  the  causes  behind  increased  deaths  from  heat  waves.  Conditions 
during  the  two  deadly  1990s  heat  waves  were  different  than  in  the  1930s  when  tempera¬ 
tures  were  worse  but  fewer  deaths  occurred.  Two  heat  waves,  much  more  severe  and 
longer  lasting  than  the  4-day  July  1995  heat  wave  in  Chicago,  occurred  in  1934  and  1936, 
causing  213  and  297  deaths,  respectively,  each  much  less  than  the  753  deaths  in  1995. 
Assessment  of  the  possible  causes  for  these  differences  between  the  1930s  and  1990s 
revealed  lifestyle  changes  were  key  factors,  not  the  weather  conditions  (Changnon  et  al., 
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1996).  Many  who  died  in  1995  and  1999  were  elderly,  living  alone,  without  air  condi¬ 
tioning  (or  without  the  resources  to  pay  for  its  continuous  operation)  in  locked  homes 
with  windows  closed  and  secured  (Centers  for  Disease  Control  and  Prevention,  1995).  In 
1934  and  1936,  many  older  people  lived  with  their  families,  and  a  common  practice  to 
keep  cool  on  the  hot  summer  nights  was  to  sleep  outside  on  porches  or  in  city  parks  or 
alongside  Lake  Michigan,  a  practice  that  many  consider  life-threatening  in  today’s  urban 
world. 

Recent  studies  have  shown  that  Illinois  and  other  parts  of  the  nation  have  systematically 
become  more  vulnerable  to  weather  extremes  for  a  variety  of  reasons  (Changnon  et  al., 
2000;  Kunreuther,  1998).  One  relates  to  growing  dependence  on  electrical  power.  For 
example,  a  short  period  of  high  temperatures  in  June  1998  brought  extensive  power 
shortages  in  Illinois  and  seriously  affected  business  and  computer  operations  in  the  Chi¬ 
cago  metropolitan  area.  One  reason  cited  for  this  outcome  relates  to  the  effects  of 
deregulation  of  the  power  industry.  A  massive  ice  storm  in  southeastern  Canada  in  Janu¬ 
ary  1998  caused  major  damages  to  power  transmission  lines  resulting  in  massive  prob¬ 
lems  for  Montreal.  The  lack  of  power  led  to  urban  water  shortages  because  of  an  inability 
to  pump  water  in  Montreal  and  some  of  the  area  was  without  power  for  four  weeks  (Sci¬ 
entific  and  Technical  Commission,  1998).  Urban  areas  are  extremely  vulnerable  to  pro¬ 
longed  power  outages  resulting  from  winter  storms,  high  winds,  and  excessive  heat. 

Changes  in  demographics  have  led  to  increased  storm  losses  (Changnon,  1999c).  In 
1960,  58  percent  of  the  U.S.  population  resided  in  metropolitan  areas,  but  by  1995  this 
had  grown  to  81  percent.  The  population  of  the  Chicago  metropolitan  area,  which 
includes  parts  of  northwestern  Indiana  and  southeastern  Wisconsin,  had  grown  to  8.6 
million  by  1999,  up  3.5  percent  just  since  1990.  The  ever-expanding  metropolitan  areas 
surrounding  Chicago,  as  shown  in  figure  2,  and  St.  Louis  contain  a  high  density  of  struc¬ 
tures  and  vehicles  where  huge  losses  can  occur,  even  from  small-scale  yet  intense  rain, 
hail,  or  tornadic  storms.  For  example,  a  1990  hailstorm  in  a  new  suburb  of  Denver 
caused  $1.1  billion  in  property  losses,  but  10  years  ago  this  area  was  pasture  land  and 
only  minor  livestock  losses  would  have  occurred  from  the  same  storm.  Similarly,  the 
1996  rainstorm  across  the  south  and  west  suburbs  of  Chicago  created  $0.65  billion  in 
losses,  but  if  the  same  storm  had  occurred  there  in  the  1940s,  damages  would  have  been 
to  rural  farm  lands  and  hence  much  less  than  in  1996  (Changnon,  1999a). 

Also  significant  in  the  loss  equation  is  the  steady  growth  in  population.  Every  person  has 
property,  which  in  a  sense  increases  the  target  at  risk  from  weather  extremes.  The 
nation’s  population  density  was  43  persons  per  square  mile  in  1950,  and  74  persons  per 
square  mile  in  1997,  a  72  percent  increase.  A  related  factor  and  feature  of  the  state’s 
economy  has  been  the  steady  growth  in  wealth.  The  value  of  insured  residential  property 
increased  166  percent  from  1980  to  1993,  and  commercial  property  values  jumped  193 
percent  in  this  same  14-year  period.  Thus,  the  losses  are  higher  when  a  damaging  storm 
occurs.  The  insurance  industry  has  been  reeling  from  the  record  losses  of  the  1990s  in  the 
U.S.,  partly  because  rates  set  on  past  events  were  too  low  (Lecomte,  1996). 

Certain  businesses  have  also  become  more  vulnerable.  Decades  of  spatial  diversification 
of  the  plants  making  parts  for  the  assembly  of  products  have  created  a  situation  totally 
dependent  on  the  state’s  transportation  systems  to  function  well  and  fast.  The  huge 
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transportation  network  radiating  from  Chicago  and  across  Illinois  is  highly  weather  sen¬ 
sitive.  Transportation  has  always  been  vulnerable  to  weather  extremes,  but  now  many 
businesses  dependent  on  shipping  and  existing  on  narrow  margins  have  hence  become 
co-dependent  and  equally  vulnerable.  Many  shippers  now  minimize  costly  stockpiles  for 
manufacturing  a  product  and  rely  on  high-speed  trains  and  trucks  to  deliver  their  parts  a 
day  before  they  are  needed.  When  the  1993  flood  blocked  Midwestern  railroads  and  led 
to  1,100  train  re-routings  to  circumvent  the  7-state  flood  area,  taking  4  to  5  days  per  train 
trip  instead  of  the  normal  1  day,  the  railroads  lost  $0.6  billion  and  many  assembly  plants 
closed  for  weeks  (Changnon,  1994). 

Still  another  potential  factor  behind  increased  losses  was  discovered  during  the  loss 
assessments  from  Hurricane  Andrew.  Study  of  the  damaged  structures  revealed  many  had 
been  built  using  poor  construction  practices,  often  not  meeting  local  building  codes 
(Pielke,  1995).  More  than  $4  billion  in  losses  from  Andrew  was  attributed  to  inferior 
construction.  Whether  inadequate  building  and  home  construction  is  a  problem  in  Illinois 
is  unknown,  but  the  insurance  industry  is  pushing  for  better  building  codes  nationwide 
and  more  rigorous  enforcement  of  codes  (Lecomte  1996). 

Assessment  of  the  physical  and  societal  causes  clearly  reveals  that  the  record  high 
weather  losses  of  the  1990s  were  largely  a  result  of  various  changes  in  society  and  busi¬ 
ness,  and  these  have  collectively  made  Illinois  more  vulnerable  to  damaging  weather  than 
ever  before. 


FUTURE  IMPLICATIONS 

A  common  reaction  when  one  is  shown  evidence  that  our  society  has  become  more  vul¬ 
nerable  to  weather  conditions  is  one  of  surprise  and  doubt.  Most  people  believe  that  sci¬ 
ence  and  engineering  have  worked  hard  over  the  past  100  years  to  reduce  society’s  vul¬ 
nerability  to  weather.  Indeed,  air  conditioning  is  now  almost  universal  in  Illinois  homes, 
businesses,  and  vehicles,  taking  away  much  of  the  day-to-day  heat  stress  of  summer. 
Deaths  due  to  tornadoes,  lightning,  floods,  and  winter  storms  have  also  declined  over 
time,  largely  due  to  better  forecasts.  Illinois  farmers  now  rely  on  technologies  that  allow 
planting  and  harvesting  at  a  much  more  rapid  rate  than  40  or  more  years  ago.  This 
reduces  the  past  problems  of  having  rains  that  delayed  the  prolonged  periods  of  planting 
and  harvesting,  as  well  as  yield  losses  resulting  from  such  untimely  rains.  Development 
of  hybrids  has  made  crops  more  drought  resistant.  Weather  and  storm  forecasting  have 
dramatically  improved  in  the  past  50  years,  giving  us  more  advance  notice  to  protect  our¬ 
selves  against  severe  storms  and  to  protect  our  garden  plants  from  unexpected  frosts. 

Society  has  become  less  vulnerable  to  many  day-to-day  weather  vagaries,  but  the  evi¬ 
dence  of  losses  during  the  1990s  reveals  that  technology  does  not  protect  us  from  extreme 
weather  losses.  These  have  resulted  from  population  growth,  changing  lifestyles  and 
business  practices,  and  a  growing  dependence  on  electrical  power.  Thus,  we  have  become 
more  vulnerable  to  weather  extremes,  and  losses  will  continue  to  grow  in  the  future  as 
our  population  continues  to  expand  and  shift  to  urban  locales.  If  a  future  climate  shift 
resulted  in  more  weather  extremes  as  some  predict,  then  the  state’s  losses  would  be  even 
greater. 
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The  advent  of  more  deadly  and  costly  weather  conditions  should  be  of  great  concern  to 
everyone  in  Illinois.  This  includes  the  government,  insurance  companies,  home  and 
business  owners  who  can  be  damaged,  and  ultimately  everyone  who  helps  pay  for  losses 
experienced  by  others  in  the  form  of  government  relief  and  higher  insurance  rates. 
Understanding  the  causes  of  the  ever-increasing  losses  becomes  critical  for  planning  and 
establishing  policies  to  deal  with  the  causes.  Continuous  monitoring  of  storm  activity  is 
needed.  The  situation  calls  for  plans  to  mitigate  against  future  losses  and  efforts  to  mod¬ 
ify  weather-sensitive  infrastructure  and  systems  to  better  adapt  to  future  extremes.  Fur¬ 
ther,  residents  of  Illinois  and  other  states  will  need  to  understand  and  assume  greater  per¬ 
sonal  responsibility  for  where  and  how  they  choose  to  live. 
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Table  1.  Impacts  in  Illinois  resulting  from  transportation  problems  caused  by  the  blizzard 
of  January  1-3,  1999. 


Human  Life  -  Auto  and  train-related  deaths  totaled  39. 

Railroads  -  Trains  were  stalled  or  delayed  by  12  to  36  hours,  delaying  many  priority 
shipments  to  the  East  and  West  Coasts  by  1  to  4  days,  at  great  expense.  Chicago’s 
suburban  train  service,  one  of  the  nation’s  finest,  was  overwhelmed  by  travelers  who 
were  unable  to  use  normal  vehicular  transport,  and  3  separate  train  accidents  resulted  in  3 
deaths. 

Automobiles  and  trucks  -  Major  auto  accidents  involving  numerous  vehicles  occurred 
on  major  highways  and  interstates,  causing  more  than  2,500  auto  and  truck  accidents. 
Snow  removal  on  city  streets  buried  thousands  of  cars  and  driveways,  stranding  many 
motorists  without  transportation  and  requiring  up  to  a  week  after  the  storm  before  most 
vehicles  had  been  extracted  from  human-made  snowbanks.  Many  travelers  became 
trapped  on  highways,  and  thousands  were  housed  in  emergency  shelters,  churches,  and 
city  buildings  for  1  to  3  nights. 

Commercial  Aviation  -  The  storm’s  impact  on  aviation  was  staggering  at  Chicago. 
Northwest  Airlines  reported  than  more  than  1,100  flight  cancellations  in  January  2-4. 
United  Airlines  canceled  60  percent  of  its  O’Hare  flights  during  the  2-day  storm.  Up  to 
300,000  travelers  were  stranded  for  periods  of  hours  up  to  four  days  at  O’ Hare  Airport. 
Costs  were  in  the  millions  of  dollars,  not  to  mention  the  immense  stress  on  travelers. 

Navigation  -  Navigation  on  the  major  Midwestern  rivers  was  reduced  by  50  percent. 
Cold  temperatures  during  and  after  the  storm  created  large  ice  floes  on  the  Illinois  and 
Mississippi  Rivers,  limiting  safe  barge  movement  and  the  operation  of  locks  and  dams. 

Snow  removal  -  Most  Chicago  streets  had  been  cleared  by  January  3  because  the  city 
had  put  850  snow  removal  trucks  on  the  streets  (610  more  than  normal  for  a  heavy  snow) 
as  a  result  of  an  accurate  prediction  of  the  storm  several  days  in  advance.  The  cost  of  the 
snow  removal  and  salt  in  the  Chicago  metropolitan  area  was  $44  million,  with  $14 
million  for  snow  removal  at  O’Hare  Airport. 


1ST  M  HER  01  DAM  AG  I  NO  STORMS 
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Figure  1.  The  number  of  storms  in  the  Midwest  causing  property  losses  greater  than 
$100  million  (adjusted  to  1999  dollars)  from  1960  to  1999.  Totals  are  for  5- 
year  periods. 


64  69  74  79  84  89  94  99 

5-YEAR  PERIODS 
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Figure  2.  The  growth  of  the  Chicago  Metropolitan  area  from  1830  to  1990. 
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ABSTRACT 

The  least  bittern  ( [Ixobrychus  ex ilis),  an  Illinois-threatened  species,  is  a  small,  secretive 
heron  found  in  dense,  emergent  wetland  vegetation.  Seven  least  bittern  nests  were 
located  in  a  moist-soil  management  unit  at  Carlyle  Lake  Wildlife  Management  Area 
during  2000.  All  nests  successfully  hatched  young.  Five  other  state-threatened  or  - 
endangered  wetland  birds  were  also  documented  at  this  site  during  the  breeding  season, 
including  successfully  nesting  pied-billed  grebes  ( Podilymbus  podiceps ).  Moist-soil 
management  is  an  effective  method  for  providing  critical  breeding  season  habitat  for 
state-threatened  and  -endangered  wetland  birds. 


INTRODUCTION 

The  least  bittern  {Ixobrychus  exilis )  is  a  small,  secretive  heron  that  feeds  on  fish  and  other 
prey  in  shallow  water,  and  nests  in  dense,  emergent  vegetation  (Gibbs  et  al.  1992). 
Unlike  the  several  species  of  herons  that  nest  colonially,  least  bitterns  are  typically  soli- 
tary-nesters.  However,  dense,  semi-colonial  aggregations  of  least  bittern  nests  have  been 
reported  in  a  few  cases  where  food  is  particularly  abundant  (Weller  1961,  Kushlan  1973). 
Due  to  habitat  destruction,  known  populations  of  least  bitterns  in  Illinois  are  sparse,  and 
the  species  is  listed  as  state-threatened  (Illinois  Endangered  Species  Protection  Board 
1999).  However,  least  bitterns  have  been  shown  to  adapt  to  several  human-modified 
habitats,  including  impoundments  (Gibbs  and  Melvin  1992)  and  wetlands  formed  by 
strip-mining  (Horstman  1994). 

Traditional  management  of  wetland  impoundments  for  migratory  and  wintering  water- 
fowl  typically  includes  spring  drainage  (“drawdowns”),  the  planting  of  corn  {Zea  mays ) 
or  milo  {Sorghum  bicolor )  in  drier  sites  and  aerial  seeding  of  Japanese  millet  {Echinoch- 
loa  frumentacea )  and  buckwheat  {Fagopyrum  esculentum)  to  wetter  areas,  and  then 
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reflooding  in  the  fall  (Bowyer  2001).  This  management  scenario  provides  food  and 
habitat  for  dabbling  ducks  and  other  wetland  birds. 

Alternatively,  hydrologic  patterns  in  impoundments  can  be  manipulated  for  the  produc¬ 
tion  of  natural  foods  for  wetland  wildlife.  This  technique,  known  as  moist-soil  manage¬ 
ment,  was  developed  in  the  Illinois  River  Valley  (Bellrose  et  al.  1979),  and  is  increas¬ 
ingly  gaining  acceptance.  Results  of  moist-soil  management  vary  considerably  between 
years  and  among  sites  because  of  differences  in  successional  stages,  weather,  soils, 
topography,  and  the  timing,  speed  and  duration  of  drawdowns  (Fredrickson  and  Reid 
1986,  Bowyer  2001).  Nevertheless,  the  documented  use  of  moist-soil  units  by  waterfowl 
and  other  waterbirds  indicates  that  this  is  a  valuable  wildlife  management  technique. 

We  documented  an  aggregation  of  nesting  least  bitterns  in  a  moist-soil  unit  (MSU)  at 
Carlyle  Lake  Wildlife  Management  Area  (CLWMA)  in  2000.  We  also  confirmed  the  use 
of  this  site  by  a  number  of  other  state-threatened  and  -endangered  species.  Our  results 
further  support  the  multiple  benefits  of  moist-soil  management  to  a  number  of  species 
besides  migratory  waterfowl. 


STUDY  AREA  &  METHODS 

The  study  site  was  an  80-ha  MSU,  one  of  four  MSUs  located  within  CLWMA.  CLWMA 
is  a  7,600-ha  area,  managed  by  the  Illinois  Department  of  Natural  Resources  (IDNR) 
primarily  for  migratory  waterfowl,  located  at  the  north  end  of  Carlyle  Lake  in  Fayette 
County,  Illinois.  The  study  site  was  bound  by  levees  and  could  be  flooded  or  drained  by 
a  series  of  water  control  structures  and  ditches.  Although  this  site  was  designated  for  a 
late  drawdown  during  the  summer  of  2000,  heavy  rainfall  did  not  allow  the  MSU  to  be 
completely  drained.  As  a  result,  a  14.4-ha  hemi-marsh  (a  50:50  mix  of  emergent  vegeta¬ 
tion  and  open  water,  Fredrickson  and  Reid  1988)  was  created.  Cover  classes  within  the 
hemi-marsh  were  measured  using  the  methods  of  Daubenmire  (1959)  as  modified  by 
Bailey  and  Poulton  (1968).  Open  water  covered  just  over  half  of  this  area  (52.6%), 
intermixed  with  a  variety  of  plant  species  including  duckweed  ( Lemna  spp.\  30.4%), 
longleaf  pondweed  ( Potamogeton  nodosus ;  7.8%),  water  smartweed  ( Polygonom 
amphibium\  5.0%),  and  buttonbush  ( Cephalanthus  occidentalis ;  2.1%)(Bowyer  2001). 

Weekly  ground  counts  were  conducted  from  28  February  2000  to  1  July  2000  to  docu¬ 
ment  use  of  MSUs  by  migratory  and  nesting  waterbirds.  Observers  used  binoculars  and 
spotting  scopes  to  inventory  birds  from  vehicles  driven  along  the  levees  of  the  MSUs. 
The  numbers  and  locations  of  birds  were  recorded  during  identification.  Additionally, 
taped  recordings  of  marsh  bird  vocalizations  were  played  to  elicit  responses  from  species 
that  were  secretive  and  difficult-to-observe  (Bowyer  2001).  Nest  searches  were  con¬ 
ducted  when  individual  least  bitterns  consistently  responded  to  the  taped  calls.  Once 
nests  were  located,  they  were  marked  at  a  distance  with  flagging  tape,  and  their  proximity 
to  levees  and  other  least  bittern  nests  were  recorded.  Nest  locations  were  plotted  on  a 
map,  and  monitored  at  approximately  10-day  intervals  until  5  August  2000.  We  recorded 
the  number  of  eggs  or  nestlings  present  at  each  visit. 
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RESULTS 

We  located  and  monitored  7  least  bittern  nests  within  one  MSU  at  CLWMA.  Six  nests 
were  located  on  28  June,  the  other  on  1  July  2000.  Mean  clutch  size  of  the  6  nests  found 
prior  to  hatching  was  4.5  eggs/nest  (range  4-5  eggs).  Each  nest  hatched  at  least  1  young 
(  x  =  3.4  young/nest;  range  1-4;  n  =  7).  Although  fed  by  adults  until  3-4  weeks  of  age, 
young  least  bitterns  are  semi-altricial;  they  are  physically  capable  of  leaving  the  nest 
within  6  days  of  hatching  to  seek  cover  or  begin  foraging  on  their  own  (Gibbs  et  al.1992). 
Therefore,  we  could  not  determine  the  number  of  young  fledged  from  each  nest. 

Six  of  the  7  (86%)  least  bittern  nests  hatched  after  1  July,  and  all  hatched  prior  to  23  July. 
Based  on  a  20-day  incubation  period  (Ehrlich  et  al.  1988)  and  a  laying  rate  of  1  egg/day, 
most  nests  were  initiated  between  10  and  30  June.  Five  of  the  7  nests  were  built  in  water 
smartweed,  and  two  nests  were  built  in  buttonbush.  Six  nests  showed  a  clumped  distri¬ 
bution  (  x  nearest-neighbor  nest  =  26.6  m,  range  7.7-38.8  m).  The  remaining  nest  was 
167.4  m  from  its  nearest  neighbor.  Water  depth  at  nest  sites  ranged  from  60  to  80  cm. 

Five  other  state-threatened  or  endangered  species  of  wetland  birds  were  observed  within 
the  MSUs  when  their  migration  was  unlikely  (1  June-1  July;  Table  1).  The  state-threat¬ 
ened  pied-billed  grebe  ( Podilymbus  podiceps)  was  confirmed  nesting  at  the  study  site, 
when  an  adult  and  a  brood  of  four  young  were  observed  on  1  July  2000. 

DISCUSSION 

The  conditions  within  the  MSU  at  this  site  were  excellent  for  breeding  least  bitterns.  The 
excess  summer  rainfall  made  it  impossible  to  completely  drain  the  unit,  which  resulted  in 
a  shallow,  hemi-marsh  habitat.  Fredrickson  and  Reid  (1986)  reported  nesting  of  least 
bitterns  in  similar  habitats  within  MSUs  in  Missouri.  In  those  sites,  least  bitterns  were 
associated  with  shallow  water  (0-50  cm)  and  patches  of  dense  emergent  vegetation  inter¬ 
spersed  with  open  water.  Weller  (1961)  found  water  depths  ranged  from  7.5  -  95.0  cm  at 
the  nest  sites  he  reviewed  in  Iowa.  He  also  found  that  nests  were  usually  located  near 
patches  of  open  water. 

When  habitat  conditions  are  favorable,  least  bitterns  occasionally  nest  semi-colonially, 
rather  than  solitarily.  In  Florida,  Kushlan  (1973)  found  11  active  nests  in  a  260  m2  area 
of  vegetation  (423  nests/ha).  During  a  year  of  exceptional  conditions  in  Iowa,  62  nests 
were  located  in  a  33.6  ha  marsh  (1.8  nests/ha);  however,  not  all  of  these  nests  were  active 
at  the  same  time  (Weller  1961).  We  located  6  nests  within  0.25  ha  (24  nests/ha). 
Throughout  the  14.4-ha  hemi-marsh  that  formed  within  our  study  site,  the  density  of  least 
bittern  nests  was  0.49  nests/ha.  This  habitat  was  not  only  attractive  to  nesting  birds,  but 
likely  facilitated  population  recruitment  as  each  of  the  seven  nests  survived  to  hatching. 
The  observed  clutch  size  (4.5  eggs/nest)  was  typical  of  least  bitterns  (Gibbs  et  al.  1992). 
In  Illinois,  Graber  et  al.  (1978)  reported  least  bitterns  initiated  nests  from  late-May  to 
late-June,  with  the  peak  occurring  in  early  June.  Our  sample  of  nests  indicated  a  similar 
temporal  pattern  of  nest  initiation. 

Five  other  state-threatened  or  -endangered  species  of  wetland  birds  were  observed  using 
the  4  MSUs  at  the  CLWMA,  including  nesting  pied-billed  grebes  (Table  1).  Bowyer 
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(2001)  observed  122  species  of  birds  in  the  MSUs  at  CLWMA  from  26  October  1999  to 
1  July  2000,  including  use  by  over  10,000  migrant  waterfowl  during  fall  1999.  Similarly, 
Fredrickson  and  Reid  (1986)  reported  153  avian  species  from  MSUs  in  Missouri.  Man¬ 
agement  of  several  moist-soil  units  as  a  wetland  complex  is  a  highly  effective  technique 
for  providing  habitat  for  a  diversity  of  waterbirds  (Havera  and  Bellrose  1985,  Fredrickson 
and  Reid  1986,  Bowyer  2001).  This  includes  leaving  water  in  some  units  throughout  the 
summer  months  to  provide  breeding  season  habitat  for  some  wetland  birds.  Our  results 
underscore  the  value  of  moist-soil  management  by  documenting  successful  reproduction 
of  state-listed  species. 
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Table  1.  Illinois-threatened  and  -endangered  wetland  birds  observed  in  the  moist-soil 
units  of  Carlyle  Lake  Wildlife  Management  Area  in  south-central  Illinois,  1  June 
-  1  July  2000. 


Species 

StatusA 

Peak 

Number 

Date 

Observed 

Pied-billed  grebe,  Podilymbus  podiceps 

Threatened 

3  B 

1  July 

Least  bittern,  Ixobrychus  exilis 

Threatened 

12  B 

28  June 

Snowy  egret,  Egretta  thulcf 

Endangered 

5 

1  July 

Little  blue  heron,  Egretta  caeruleac 

Endangered 

305 

1  July 

Black-crowned  night-heron,  Nycticorax  nycticoraxc 

Endangered 

6 

21  June 

Yellow-crowned  night- heron,  Nyctanassa  violacect 

Endangered 

22 

7  June 

A  Source:  Illinois  Endangered  Species  Protection  Board  1999. 

B  Peak  numbers  exclude  juveniles. 

c  Although  these  species  might  not  be  expected  to  nest  within  the  MSUs,  they  could  be 

nesting  in  the  forested  floodplain  that  surrounds  the  study  site. 
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ABSTRACT 

Until  about  the  1930s,  the  Ohio  shrimp,  Macrobrachium  ohione ,  was  common  in  the 
Mississippi  River  between  Chester  and  Cairo,  and  also  occurred  in  the  Ohio  and  lower 
Wabash  rivers  bordering  southern  Illinois,  but  since  then,  the  species  declined  sharply  in 
abundance.  Two  specimens  were  captured  in  May  2001  from  the  Ohio  River  at  Joppa, 
Massac  Co.,  Illinois,  and  represent  the  first  M.  ohione  collected  in  the  Ohio  River  in  over 
50  years. 


The  Ohio  shrimp,  Macrobrachium  ohione ,  was  described  from  specimens  collected  in  the 
Ohio  River  at  Cannelton,  Indiana  (Smith,  1874)  and  occurs  in  the  Mississippi  River 
basin,  Gulf  Coast  drainages,  and  also  in  some  Atlantic  coast  drainages  from  Virginia  to 
Georgia  (Hedgpeth,  1949;  Holthuis,  1952;  Hobbs  and  Massmann,  1952).  The  Ohio 
shrimp  formerly  was  abundant  in  the  Mississippi  River  as  far  north  as  Chester,  Illinois 
(and  possibly  St.  Louis,  Missouri)  and  in  the  Ohio  River  as  far  upstream  as  southeastern 
Ohio  (Forbes,  1876;  Hay,  1892;  McCormick,  1934;  Hedgpeth,  1949)  but  has  declined  in 
abundance  drastically  after  the  1930s  (Page,  1985).  There  has  been  only  one  record  of 
the  Ohio  shrimp  in  the  Wabash  River  bordering  Illinois  dated  1892,  and  the  only  record 
from  the  Ohio  River  of  Illinois  was  from  Shawneetown  in  southeastern  Illinois  (Hedg¬ 
peth,  1949;  Page,  1985).  The  former  Shawneetown  along  the  Ohio  River  in  Illinois  was 
named  Old  Shawneetown  after  Shawneetown  was  moved  5  km  to  the  northwest  follow¬ 
ing  the  flood  of  1937.  More  recently,  Ohio  shrimp  have  been  collected  in  portions  of  the 
Mississippi  River  along  Missouri  and  Illinois  as  far  north  as  Grand  Tower,  Jackson 
County,  Illinois  (Taylor,  1992;  Conaway  and  Hrabik,  1997),  indicating  that  the  species 
was  increasing  in  numbers,  was  recolonizing  northern  portions  of  its  former  range,  or  was 
overlooked  earlier  because  sampling  methods  were  ineffective.  Bowles  et  al.  (2000) 
reviewed  the  distributions  and  status  of  all  six  native  species  of  Macrobrachium  in  the 
U.S.  There  have  been  no  recent  records  of  the  Ohio  shrimp  anywhere  in  the  Ohio  River 
basin  reported  in  the  literature. 

We  collected  two  specimens  of  M.  ohione  from  the  Ohio  River  at  the  Joppa  boat  ramp  in 
the  town  of  Joppa,  Massac  Co.,  Illinois,  using  a  minnow  trap  (shrimp  measurements: 
total  length  =  45.0  mm,  carapace  length  =  18.8  mm,  12  May  2001  and  total  length  =  45.0 
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mm,  carapace  length  =  18.4  mm,  19  May  2001).  The  minnow  trap  was  baited  with  an  85 
g  can  of  catfood  with  several  holes  punched  through  the  can  and  was  set  over  rip  rap  1-2 
m  from  the  bank  approximately  30  m  downstream  of  the  boat  ramp.  Duration  of  sets 
varied  and  fluctuating  water  levels  make  it  difficult  to  identify  actual  trap  depth  at  time  of 
capture.  Both  specimens  were  deposited  in  the  Illinois  Natural  History  Survey  Crusta¬ 
cean  Collection  (catalog  numbers  INHS  8643,  8644).  These  specimens  represent  the 
only  records  from  the  entire  Ohio  River  basin  since  at  least  1949  and  appear  to  be  the 
only  extant  specimens  from  the  Ohio  River  based  on  specimen  information  in  the  litera¬ 
ture  (Schmitt,  1933;  McCormick,  1934;  Hedgpeth,  1947,  1949;  Holthuis,  1952). 

The  capture  of  these  specimens  was  incidental  and  occurred  over  microhabitat  (rip-rap) 
that  is  difficult  to  sample  using  gear  (seines  and  minnow  fyke  nets)  typically  effective  for 
M.  ohione  at  localities  in  the  Mississippi  River  (Conaway  and  Hrabik,  1997;  authors, 
pers.  obs.).  Previous  efforts  throughout  the  year  targeting  crayfishes  and  fishes  with 
seines  in  the  same  area  and  adjacent  areas  more  conducive  to  seines  failed  to  produce  any 
Ohio  shrimp. 
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BOOK  REVIEW  #1  -  2002 

McPherson,  Alan.  Fifty  Nature  Walks  in  Southern  Illinois.  1993.  xii  +  299  pages; 
maps;  black  and  white  photographs;  appendices;  index.  Cache  River  Press,  Vienna,  Illi¬ 
nois.  Hard  Cover.  Price:  $  13.95  Available  from  Cache  River  Press,  2850  Oak  Grove 
Road,  Vienna,  IL  62995 

This  book  is  a  useful  guide  to  more  than  50  publicly  accessible  places  to  hike  and  enjoy 
nature  in  southern  Illinois.  It  was  written  for  people  who  want  to  combine  their  appre¬ 
ciation  for  natural  beauty  with  hiking  and  other  activities.  Most  of  the  50  places  are 
found  in  or  near  the  Shawnee  National  Forest,  and  include  state  parks,  wildlife  refuges, 
national  monuments  and  recreational  areas.  The  trails  range  from  short  and  easy  to  walk 
loops  to  much  longer  and  more  rugged.  Some  trails  require  climbing  and  close  attention 
to  footing,  and  may  take  more  than  one  day's  hiking  to  complete. 

The  extensive  introduction  addresses  a  variety  of  things  one  would  need  to  know  to  make 
hiking  an  enjoyable  experience.  McPherson  discusses  proper  clothing  and  footwear, 
safety  issues  regarding  seasonal  weather,  safety  during  hunting  seasons  and  in  areas 
shared  with  off-road  vehicles  and  horse-riders,  and  tips  for  overnight  camping.  There  is  a 
fairly  substantial  discussion  of  insect  pests,  snakes,  poisonous  plants  such  as  poison  ivy, 
and  other  hazards  such  as  lightning  and  tornadoes.  A  map  following  the  introduction 
shows  southern  Illinois  and  the  major  highway  network  with  the  50  locations  indicated. 

The  50  walks  are  organized  into  geographic  sections  corresponding  to  the  four  Shawnee 
National  Forest  administrative  areas,  even  though  not  all  the  places  are  actually  within 
the  national  forest.  Each  entry  begins  with  a  brief,  but  informative,  description  of  the 
historical,  natural  or  geological  features  of  the  site.  Each  trail  is  then  described,  including 
an  indication  of  the  degree  of  difficulty  and  distance,  along  with  any  notable  features 
about  plants  or  landscapes.  The  entries  end  with  detailed  driving  directions  on  how  to 
reach  each  location  from  the  major  highways  in  the  region.  Following  the  written  mate¬ 
rial  is  a  map  of  the  site,  showing  road  access,  buildings,  water  bodies,  and  the  trails.  Fur¬ 
ther  information  includes  United  States  Geological  Survey  reference  map  sets,  total  trail 
distance,  acreage,  and  activities  with  fees  if  applicable. 

Being  a  recent  newcomer  to  Illinois,  I  was  perhaps  an  ideal  reviewer,  as  I  had  not 
explored  the  southern  part  of  the  state.  The  book  offered  an  excellent  opportunity  to  gain 
some  first  hand  experience  in  that  part  of  Illinois.  Only  one  site  was  deliberately  chosen 
for  its  features  (cypress  knees);  other  trails  were  more  or  less  randomly  chosen  for  con¬ 
venience  along  several  roadways.  I  came  upon  one  wonderful  park,  that  I  had  not  planned 
to  visit,  when  I  had  to  detour  around  some  construction  and  came  upon  it  by  serendipity. 

My  intent  was  to  use  the  guide  to  locate  and  try  out  some  of  the  trails  included  in  the 
book,  and  to  see  how  accurate  the  information  is,  eight  years  from  publication,  and  how 
the  explanatory  information  prepared  me  for  the  parks  and  trails.  The  material  was  com¬ 
piled  and  verified  more  than  10  years  ago  in  some  cases.  It  is  indicative  of  the  popularity 
of  hiking  and  of  the  attractiveness  of  the  areas  that  changes  had  been  made  at  some  sites. 
New  trails  were  added  and  structures  were  upgraded.  Nevertheless,  the  book  is  still  an 
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excellent  introduction  to  the  sites,  and  the  site  drawings  are  particularly  useful  for  orien¬ 
tation  at  each  location. 

The  entry  for  Crab  Orchard  Natural  Wildlife  Refuge  (Trail  28)  predates  the  development 
of  a  new  visitor’s  center  and  bookstore,  as  well  as  a  completely  new  trail.  The  visitor’s 
center  is  located  on  the  east  side  of  Route  148  across  from  route  A-3  and  the  Chamnes- 
stown  School  Trail.  Behind  the  parking  lot  is  a  short  new  trail  which  is  wheelchair 
accessible  and  with  informational  signs  that  include  Braille.  The  trail  leads  through  a 
forested  area  to  a  pond.  The  pond  has  a  truly  remarkable  field  of  American  Lotus 
(Nelumbo  lutea),  a  hidden  treasure. 

The  entry  for  Section  8  Woods  Nature  Preserve  (Trail  21)  indicates  that  a  boardwalk  was 
scheduled  for  construction  starting  in  1992.  It  is  there  and  leads  in  as  far  as  several 
important  trees.  This  is  a  very  short  trail,  only  500  feet  long,  and  would  be  more  appro¬ 
priately  termed  a  viewing  structure.  The  main  features  of  the  site  are  the  important  Illi¬ 
nois  State  champion  Water  Tupelo  ( Nyssa  aquatica )  and  Bald  Cypress  ( Taxodium  dis- 
tichum)  trees. 

On  my  next  stop,  I  found  that  the  wooden  suspension  bridge  at  the  beginning  of  the 
Heron  Pond  Trail  (Trail  20)  had  been  replaced  by  a  steel  bridge  with  a  set  of  steps  lead¬ 
ing  down  to  the  ground  level  on  the  west  side.  However,  the  Ghost  Dance  Canyon  Trail 
that  I  visited  in  the  Dixon  Springs  State  Park  (Trail  18)  was  just  as  described  in  the  book. 

On  the  Fern  Clyffe  State  Park  (Trail  27)  trails,  I  was  continually  astonished  by  the  diverse 
array  of  fungi  and  lichens,  and  kept  wishing  I  had  brought  a  few  field  guides  along.  The 
guide  states  that  "several  of  the  plants  found  here  occur  nowhere  else  in  southern  Illinois 
and  are  actually  more  common  in  wet  acid  soils  of  the  northeastern  United  States  and 
Canada"  (p.  152).  I  would  like  to  know  what  those  species  are,  and  why  they  are  found 
only  here. 

This  book  will  appeal  to  a  broad  range  of  people.  Families  and  school  groups  will  find 
descriptions  of  numerous  sites  with  trails  of  various  difficulty  levels  located  close  to 
campgrounds  and  other  places  suitable  for  children.  Birdwatchers  and  naturalists  will  be 
led  to  a  broad  range  of  natural  landscapes.  In  some  entries,  the  author  highlights  the 
presence  of  important  assemblages  of  rare  and  endangered  species  and  unique  plants  and 
animals.  Photographers  will  especially  appreciate  the  information  about  the  spectacular 
as  well  as  the  more  subtle  vistas  encountered  on  many  of  the  nature  walks.  In  addition  to 
the  natural  environment,  a  large  number  of  places  of  historic  and  cultural  heritage  are 
featured  in  the  guide. 

I  recommend  this  useful  field  guide,  and  hope  that  a  new  edition  is  forthcoming  which 
will  incorporate  the  changes  and  enhancements  that  have  been  made  at  a  number  of 
locations.  Also,  a  revised  edition  might  provide  an  opportunity  to  incorporate  a  list  of 
other  applicable  field  guides  and  to  include  some  comments  about  hidden  treasures  to 
watch  for  along  the  trails. 

Reviewer:  Janet  I.  Halpin,  Associate  Professor  of  Geography,  Department  of  Geogra¬ 
phy,  Economics  and  Anthropology,  Chicago  State  University,  Chicago,  IL  60628-1598. 
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ABSTRACT 

Operations  of  a  dense  recording  raingage  network  across  the  Chicago  metropolitan  region 
revealed  that  Water  Year  2001  had  the  highest  number  of  heavy  rainstorms  since  network 
observations  began  in  1948.  The  eight  record- setting  storms  were  analyzed  to  assess 
their  temporal  patterns,  the  impacts  they  created,  and  the  possible  effect  of  urban  and  lake 
influences  on  storm  intensities.  The  storms  occurred  in  a  2-month  period,  mid-July  to 
mid-September,  creating  record  high  rainfall  totals  of  54  cm  for  the  July-September 
period.  Two  storms  created  excessive  short-duration  rainfalls  that  equated  to  once  in  a 
100-year  events.  Both  storms  created  sizable  flooding  and  much  damage  to  transporta¬ 
tion  systems  and  property,  and  the  excess  flood  waters  led  to  overflows  of  polluted  flood 
waters  into  Lake  Michigan.  The  other  six  storms  produced  lesser  heavy  rains,  typically 
with  rain  amounts  rated  as  once  in  2-  to  10-year  frequencies,  and  only  minor  flooding 
occurred,  indicating  that  the  new  deep  tunnel  system  and  rain  blocker  system  have  man¬ 
aged  to  reduce  flooding  from  storms  of  this  magnitude.  Climate  studies  have  also  shown 
an  increase  in  heavy  rain  events  across  the  Midwest  since  the  1940s,  and  the  number  in 
2001  appears  to  reflect  this  trend.  Three  storms  maximized  over  the  city  suggesting  that 
urban  influences  on  the  atmosphere  may  have  acted  to  enhance  storm  rainfall,  as  has  been 
noted  in  prior  studies. 


INTRODUCTION 

Heavy  rainstorms  over  major  urban  areas  create  sizable  problems  from  resulting  flooding 
including  disruption  of  transportation  and  damage  to  business  and  residential  property. 
Due  to  the  nearly  uniform  impervious  surfaces  in  major  urban  areas,  a  15-centimeter  (cm) 
rainstorm  causes  more  problems  than  the  same  rainfall  amount  in  a  rural  area  away  from 
the  city  where  large  amounts  of  the  water  soak  into  the  soil  and  much  less  property  dam¬ 
age  occurs. 

During  Water  Year  2001  (October  2000- September  2001),  Chicago  experienced  a  record 
number  of  heavy  rainstorms  for  the  years  since  1948.  The  record  setting  series  of  eight 
storms  raised  questions  about  their  causation  and  types  of  impacts.  This  study  employed 
hourly  rainfall  data  from  a  dense  raingage  network  operated  by  the  State  Water  Survey 
that  covers  Chicago  and  most  of  Cook  County.  Answers  to  questions  about  causation  and 
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impacts  should  provide  useful  guidance  to  those  who  must  plan  for  and  manage  the 
waters  generated  from  storm  rainfall  in  Chicago. 

Four  exceptional  rainstorms  that  struck  the  Chicago  area  since  1950  have  been  investi¬ 
gated,  and  these  studies  included  field  surveys  to  collect  spatially  detailed  rainfall  data. 
On  October  9-10,  1954  an  18-hour  series  of  storms  produced  a  peak  of  27  cm  at  Aurora 
and  16  cm  of  rain  over  north  Chicago  (Huff  and  Vogel,  1976).  On  July  12-13,  1957  a  10- 
hour  rainstorm  produced  a  maximum  of  23  cm  in  the  city’s  center  with  more  than  12  cm 
of  rain  falling  over  8,300  km2  (Huff  et  al.,  1958).  The  third  major  storm  of  the  past  50 
years  in  the  Chicago  area  occurred  on  July  20-21,  1976,  with  a  peak  of  24.2  cm  in  Chi¬ 
cago  during  an  9-hour  storm  period  (Changnon  and  Vogel,  1980).  The  fourth  major  storm 
produced  a  statewide  record  1-day  rainfall  of  45  cm  on  July  17-18,  1996  in  Aurora 
(Changnon  and  Kunkel,  1999).  Amounts  over  the  city’s  south  side  were  as  high  as  22  cm 
in  18  hours. 

Impacts  resulting  from  heavy  rainstorms  in  Chicago  have  also  been  assessed  (Changnon, 
1982).  These  studies  showed  that  moderate  to  heavy  rainfall  severely  impacts  surface 
and  air  transportation  in  Chicago  (Changnon,  1996).  The  record  rainstorm  in  July  1996 
created  massive  flash  floods  and  caused  losses  amounting  to  $0.65  billion,  the  state’s 
second  highest  weather  loss  of  the  century  (Changnon,  1999). 

The  eight  heavy  storms  in  2001  occurred  during  the  July-September  period,  and  resulted 
in  much  above  normal  total  rainfall.  The  3-month  rain  totals  at  the  official  raingage  of 
the  National  Weather  Service  amounted  to  54  cm  and  ranked  as  the  highest  in  the  city 
during  the  past  130  years. 

ISSUES  RELATED  TO  HEAVY  RAINSTORMS  IN  CHICAGO 

Past  studies  have  defined  the  variety  of  problems  heavy  rainstorms  cause  in  Chicago 
(Changnon  1980b).  Flooding  has  been  a  common  problem  in  all  large  cities,  and  a  typi¬ 
cal  problem  found  in  Chicago  has  been  flooding  of  viaducts  and  basements  of  businesses 
and  residences.  Chicago  is  a  national  hub  for  commercial  air  traffic,  the  nation’s  rail¬ 
roads,  and  trucking.  Consequently,  heavy  rains  disrupt  and  slow  or  stop  traffic  flow,  and 
flood  waters  disrupt  movement  of  surface  traffic  including  the  city’s  bus  and  rail  systems 
for  commuters.  Further,  floods  create  extensive  damage  to  property  and  businesses. 
Many  conditions  causing  heavy  rainstorms  are  related  to  strong  thunderstorm  activity, 
and  the  resulting  lightning  and  high  winds  often  knock  out  power  systems,  causing  siz¬ 
able  power  outages. 

Chicago  has  a  unique  storm-water  management  problem  related  to  the  diversion  of  waters 
from  Lake  Michigan  and  the  reversal  of  its  in-lake  drainage  system  (Changnon  and 
Changnon,  1996).  River  drainage  outlets  to  the  lake  are  blocked  by  gates,  and  the  water 
taken  in  from  the  lake,  or  falling  as  rain  over  the  city,  flows  down  the  Illinois  River.  The 
annual  amount  of  water  diverted  by  Chicago  for  various  purposes  (local  water  supplies 
and  flow  down  the  Illinois  River  to  dilute  pollution  and  to  maintain  levels  for  barge  traf¬ 
fic)  is  under  federal  control  and  must  not  be  exceeded.  To  handle  storm  water,  the  city 
either  must  lower  the  waters  in  the  local  rivers  and  divert  it  down  the  Illinois  River,  or 
storm  rainwaters  must  be  allowed  to  flow  into  Lake  Michigan  to  reduce  city  flooding. 
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However,  this  brings  sewage-polluted  waters  into  the  lake,  limiting  intake  of  water  for 
public  water  supplies,  leading  to  beach  closures  in  the  warm  season,  and  creating  other 
environmental  problems.  Overflows,  or  events  when  flood  waters  are  released  into  Lake 
Michigan,  occurred  34  times  during  1948-1981,  and  most  of  these  occurred  when  rains 
exceeding  5.1  cm  fell  in  3  to  9  hours  (Changnon,  1982).  Thus,  the  problems  of  heavy 
rainfall  over  Chicago  are  greater  than  exist  at  most  cities,  and  have  led  to  the  construction 
of  the  “deep  tunnel”  system.  This  has  been  a  costly  program  that  involved  excavation  of 
large  underground  chambers  beneath  portions  of  the  city’s  rivers.  When  storms  occur, 
storm  waters  are  directed  into  these  tunnels  and  later  pumped  out  when  river  levels  return 
to  normal.  It  also  led  to  the  installation  of  the  “rain  blocker”  system,  devices  installed  at 
street  drains  that  act  to  slow  the  intake  of  storm  rainwater  from  the  streets. 

Causation  of  such  heavy  urban  rainstorms  is  a  key  question— are  there  local  conditions 
that  lead  to  more  than  normal  numbers  of  heavy  rainstorms?  Past  research  has  examined 
the  possibility  that  urban  influences  on  the  atmosphere  lead  to  more  rainfall  over  the  city 
and  beyond  (Huff  and  Changnon,  1973)  and  additional  heavy  storms  (Dettwiller  and 
Changnon,  1976).  A  climatological  study  of  historical  precipitation  data  for  the  region 
showed  that  the  city  and  areas  downwind  of  Chicago  (east)  averaged  10  to  30  percent 
more  rain  than  areas  to  the  west  (Changnon,  1968).  A  3-year  meteorological  study  of 
rains  in  the  Chicago  area  using  weather  radars  and  a  large  raingage  network,  showed  that 
urban  effects  on  the  atmosphere,  sometimes  interacting  with  lake  effects,  acted  to 
increase  warm  season  rains  and  occasionally  lead  to  heavier  rainfalls  (Changnon,  1980a). 
For  example,  the  city  averages  5  more  days  a  year  with  thunderstorms  than  do  areas  just 
west  and  south  of  the  city  (Changnon,  2001)  and  has  notably  more  lighting  (Westcott, 
1995).  The  city  is  warmer  than  rural  areas  providing  a  source  of  rising  air.  It  also  pro¬ 
vides  a  vast  array  of  atmospheric  particles  that  affect  cloud  droplet  and  raindrop  forma¬ 
tion,  and  the  city  also  acts  as  a  block  to  the  low-level  wind  flow  creating  convergence  and 
vertical  motions  of  the  air  over  and  just  beyond  the  city.  All  these  urban  conditions  are 
important  factors  in  rain  formation  and  the  intensification  of  existing  rain  systems 
(Changnon  et  al.,  1981). 

A  third  rainstorm  issue  relates  to  climate  fluctuations  that  can  lead  to  changes  in  the 
number  of  heavy  rain  events.  Studies  of  floods  and  flood-producing  rains  over  river 
basins  in  Illinois  during  1930-1980  revealed  an  increase  in  floods  and  heavy  rain  events 
(Changnon,  1983;  Kunkel  et  al.,  1993).  A  case  study  involving  two  Chicago  area  basins, 
the  Des  Plaines  and  Du  Page  Rivers,  revealed  both  had  undergone  sizable  increases  in 
annual  peak  flows  from  1941  to  1990,  and  that  peak  daily  rain  amounts  each  year  over 
these  basins  had  increased  by  65%  (Changnon  and  Demissie,  1996).  Part  of  the  flood 
increase  was  also  due  to  urban  growth  that  enhances  runoff.  Studies  of  possible  effects  of 
global  warming  in  the  Midwest  concluded  that  rainfall  and  heavier  rain  events  would 
continue  to  increase  into  the  21st  century  (National  Assessment  Synthesis  Team  2000). 

These  issues  were  assessed  by  analyzing  the  record  number  of  rainstorms  in  2001,  as 
defined  by  the  dense  raingage  network  that  is  operated  in  Chicago  (Westcott,  2000). 
Questions  addressed  included  was  there  further  evidence  of  local  increases  in  rainstorms 
due  to  urban  and  lake  effects?  Has  the  on-going  temporal  increase  in  heavy  rains  across 
the  Midwest  resulted  in  more  heavy  rains  than  history-based  statistics  would  predict  for 
the  city?  Have  the  local  impacts  of  heavy  rains  changed  over  time? 
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DATA  AND  ANALYSIS 

The  Water  Survey  installed  a  uniform  network  of  25  recording  raingages  across  Cook 
County  during  1989.  The  collection  of  rainfall  data  began  on  October  1,  1989.  The  gages 
were  spaced  approximately  10  kilometers  apart  and  sampled  rain  over  an  area  of  2,500 
km2.  Each  gage  was  a  weighing-bucket  recording  raingage,  and  were  serviced  by  trained 
technicians.  Recording  charts  were  analyzed  to  ascertain  1-hour  amounts,  and  totals  were 
derived  for  each  rain  event  and  each  month.  Installation  of  data  loggers  in  the  gages  in 
January  2001  allowed  calculation  of  10-minute  amounts  for  rain  events  during  2001.  The 
study  used  the  data  from  October  1,  2000,  through  September  30,  2001  (Water  Year 
2001),  to  assess  heavy  rain  events  as  to  their  frequency  in  space  and  time,  and  the  rainfall 
produced. 

A  heavy  rain  event  was  defined  as  one  where  one  or  more  of  the  raingages  had  sufficient 
rainfall  in  one  hour  or  a  longer  duration  (up  to  24  hours)  to  qualify  as  2-year  or  greater 
recurrence  interval  rain  amount.  Rainfall  frequency  values  for  various  durations  (1-,  2-, 
3-,  6-  12-  and  24-hours)  and  various  recurrence  intervals  (2-,  5-,  10-,  25-,  50-,  and  100- 
years)  were  defined  using  the  published  updated  values  for  the  Chicago  area  (Huff  and 
Angel,  1992).  Information  on  impacts  from  the  storms  was  obtained  from  local  print 
media. 


THE  SEVERE  RAINSTORMS  IN  2001 

The  eight  heavy  rain  events  in  WY  2001  were  a  uniquely  large  number,  breaking  all  prior 
1-year  records.  The  recent  occurrence  of  this  record  number  is  in  keeping  with  prior 
findings  showing  that  the  number  of  heavy  rain  occurrences  has  increased  over  the  past 
six  decades  across  the  Midwest. 

The  total  rainfall  produced  by  the  eight  heavy  rainstorms  in  2001  is  depicted  in  figure  1. 
Amounts  ranged  from  14.7  cm  (gage  23)  to  a  high  of  30.2  cm  (gage  4)  and  the  network 
average  was  23.1  cm.  The  isohyetal  pattern  reveals  that  the  highest  values  extended  from 
the  city’s  north  side  (gage  4)  southward  to  a  second  maximum  on  the  south  side  (gage 
18).  The  lowest  storm  totals  were  to  the  north,  west,  and  south,  suggesting  the  potential 
for  local  enhancement  due  to  urban  and  lake  effects  on  storm  intensities.  The  storm  totals 
represented  between  27  and  56  percent  of  the  total  rainfall  for  July-September  2001. 

Figure  2  presents  the  pattern  based  on  the  number  of  times  each  raingage  had  a  storm 
with  amounts  equaling  or  exceeding  the  2-year  return  values.  The  peak  value  was  3  such 
occurrences  in  the  south,  and  all  25  gages  had  at  least  1  high  frequency  event.  The  pattern 
generally  matches  that  for  total  rain  (fig.  1). 

July  21  Storm 

The  year’s  first  rainstorm  occurred  on  July  21,  beginning  at  1500  CST  with  point  dura¬ 
tions  of  1.5  to  2  hours,  (fig.  3a).  The  first  rainfall  occurred  at  gages  18,  19,  and  23,  and 
the  storm  enlarged  and  moved  to  the  west,  intensifying  at  gage  20  beginning  at  1700 
CST.  Shown  on  the  storm  map  are  the  seven  gages  that  achieved  rains  rated  as  2-year  or 
greater  events  for  1  to  2-hour  durations,  all  in  the  network’s  extreme  south.  The  12.5  cm 
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rainfall  in  1-hour  at  gage  20  was  in  excess  of  the  100-year  value  of  9.1  cm  (Huff  and 
Angel,  1992).  The  only  impacts  were  street  flooding  in  the  heavy  rain  area  which  was  a 
mix  of  suburbs  and  rural  countryside. 

July  22  Storm 

The  season’s  second  storm  occurred  on  the  next  day,  July  22,  as  thunderstorms  moved 
from  the  west  across  the  city  over  a  3-hour  period  beginning  at  1500  CST.  The  only  2- 
year  amount  was  5.1  cm  in  one  hour  at  gage  5,  located  in  the  core  of  a  narrow  storm  (fig. 
3b).  Much  of  the  network  received  light  rain.  There  were  no  impacts  other  than  an  inter¬ 
ruption  of  a  golf  tournament  west  of  Chicago  (Chicago  Tribune,  July  23). 

July  23  Storm 

The  season’s  third  storm  came  on  the  next  day,  making  three  straight  days  with  heavy 
rains  somewhere  in  the  Chicago  area.  Rains  on  July  23  began  at  1300  CST  in  the  area 
(gages  5,  8,  and  11)  where  rains  became  heaviest  (fig.  3c).  The  heaviest  rainfall  was  in 
the  extreme  southeast  where  1-hour  rain  amounts  at  gages  22  and  25  attained  5-year  val¬ 
ues.  There  were  no  reported  impacts  from  this  storm. 

July  24-25  Storm 

The  fourth  storm  was  nocturnal  and  occurred  on  July  24-25,  the  fourth  and  fifth  days  in 
the  sequence  of  locally  heavy  rains  (fig.  3d).  Rain  began  in  the  network’s  north  (gages  4 
and  5)  at  2200  CST  on  July  24,  and  moved  south,  intensifying  over  the  city’s  center.  The 
heaviest  rains  fell  between  0500  CST  and  0800  CST  on  July  25  at  gages  15  and  19.  Point 
durations  ranged  from  4  to  8  hours.  Gages  15  and  19  had  3-hour  amounts  qualifying  as  2- 
year  values.  Minor  street  flooding  occurred,  but  no  other  impacts  were  reported. 

August  2  Storm 

The  most  intense  of  the  eight  2001  storms  came  on  August  2  (fig.  4a).  Nineteen  of  the  25 
raingages  had  rainfall  amounts  that  ranked  as  2-year  or  greater  values,  and  gage  10  had 
11.6  cm  in  2  hours,  a  100-year  event.  Gages  7,  12,  and  13  had  2-  to  3-  hour  values  rated 
as  greater  than  once  in  25-year  values.  Many  raingages  reached  or  exceeded  2-year  val¬ 
ues  for  30-minutes  and  for  durations  of  1-,  2-,  3-  and  4-  hours.  The  heaviest  rainfall  was 
12.2  cm  (4.8  inches)  in  3  hours  at  gage  10  in  downtown  Chicago.  This  value  was  evalu¬ 
ated  by  comparing  it  with  highest  3-hour  amounts  from  all  Chicago  area  storms  during 
1949-1975  (Huff  and  Vogel,  1976).  The  top  three  values  in  that  27-year  period  were  13.7 
cm  on  June  10,  1967;  1 1.7  cm  on  June  25,  1959;  and  10.9  cm  on  October  3,  1954.  Hence, 
the  August  2,  2001,  storm  maximum  of  12.2  cm  ranked  as  the  second  highest  on  record 
for  the  1948-1981  and  1989-2001  periods. 

Rainfall  occurred  in  the  morning  hours  as  a  south-moving  storm  brought  rain  beginning 
at  0500  CST  at  northern  gages  1,  2,  and  3.  Figure  5  presents  the  1-hour  rainfall  maps  for 
the  August  2  storm.  For  the  beginning  hour  of  0500  CST,  the  peak  was  12.5  mm  at  gage 
3,  and  in  the  next  hour,  the  highest  rainfall  had  moved  south  and  increased  to  79  mm  at 
gage  7.  The  storm’s  third  hour  (fig.  5c)  had  a  peak  rain  of  82  mm  and  it  was  located  far¬ 
ther  south  at  gage  10.  For  the  hour  beginning  at  0800  CST  (fig.  5d),  the  heaviest  rainfall 
and  core  of  the  storm  continued  its  southward  movement.  However,  the  maximum  rain¬ 
fall  had  diminished  to  51  mm  (gage  21).  The  storm’s  final  hour  (0900  to  1000CST)  saw 
the  ending  of  the  rain  over  much  of  the  city  with  heaviest  rain  being  only  14.5  mm  at 
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gage  25.  This  series  of  hourly  rainfall  patterns  show  the  storm’s  southerly  movement, 
and  also  shows  that  the  rainfall  intensified  considerably  while  over  the  city.  This  storm 
pattern  suggests  that  local  urban  and  lake  effects  acted  to  enhance  the  rainfall  over  Chi¬ 
cago. 

Major  impacts  occurred.  The  city’s  seven  sewage  treatment  plants  which  hold  2  billion 
gallons  of  water,  were  filled  by  0800  CST,  and  then  the  deep  tunnel  system  filled  with 
1.6  billion  gallons  by  0900  CST.  Thereafter,  polluted  storm  waters  had  to  be  released  into 
Lake  Michigan.  After  the  first  hour  of  heavy  rain,  flooding  of  major  expressways  and 
streets  had  begun,  blocking  commuter  travel.  Commuter  trains  were  also  halted  and 
transportation  experts  cited  this  as  one  of  the  most  difficult  commutes  in  Chicago’s  his¬ 
tory  (Chicago  Tribune,  August  2).  More  than  300,000  basements  were  flooded  (Chicago 
Tribune,  August  3).  The  associated  thunderstorm’s  intense  lightning  and  high  winds  led 
to  power  outages  to  56,000  residents,  and  flights  at  O’ Hare  were  delayed  by  several 
hours.  Governor  Ryan  declared  Cook  County  a  disaster  area,  making  it  eligible  for  fed¬ 
eral  assistance. 

August  25  Storm 

Storm  number  six  in  2001  began  at  0600  CST  on  August  25  and  rain  lasted  4  hours  at 
most  gages.  The  resulting  isohyetal  pattern  (fig.  4b)  shows  two  WSW-ENE  oriented 
paths  of  heavier  rainfall,  areas  where  gages  had  2-year  or  heavier  amounts.  Rain  began 
in  both  areas  at  0600  CST  and  moved  to  the  east-northeast.  Gages  18  and  21  had  5-year 
values  for  4-hour  durations,  but  no  major  flooding  resulted. 

August  30-31  Storm 

On  August  30-31  a  seventh  heavy  rainstorm  occurred.  Rain  began  at  1800  CST  in  the 
south  (gages  23  and  24),  and  at  1900  CST  in  the  north  (gages  1  and  3)  where  heavy  rain 
fell  between  2000  and  2200  CST.  As  shown  on  figure  4c,  gage  3  had  nearly  8  cm  ,  a 
once  in  10-year  value,  and  a  recording  raingage  at  O’ Hare  Airport  had  10.9  cm,  a  25-year 
value.  Storm  point  rainfall  durations  ranged  from  4  to  6  hours,  with  all  rain  ending  by 
0400  CST  on  the  31st. 

Extreme  street  and  expressway  flooding  occurred  on  the  city’s  north  side  with  12,000 
basements  flooded.  Flood  waters  had  to  be  released  into  Lake  Michigan  at  the  Wilmette 
intake  site.  Chicago’s  $75  million  “rain  blocker”  system,  installed  to  slow  inflow  to  the 
sewer  system,  was  identified  by  some  as  a  likely  cause  for  the  extensive  flooding,  and 
underwent  considerable  debate  (Chicago  Tribune  ,  September  6).  O’Hare  Airport  had 
100  flights  canceled  by  the  storm,  which  also  caused  power  outages  to  15,000  customers. 

September  18-19  Storm 

The  eighth  and  final  heavy  rainstorm  of  2001  was  another  nocturnal  storm.  Rain  on  the 
network  began  at  2000  CST  on  September  18,  and  all  rain  ended  by  0600  CST  on  Sep¬ 
tember  19.  A  major  storm  cell  moved  from  the  southwest  and  produced  heavy  rainfall  in 
the  network’s  northwest  corner  (fig.  4d).  Gage  1  experienced  5-year  6-hour  amount 
during  the  2100-0300  CST  period.  There  was  minor  flooding  in  certain  northwest  sub¬ 
urbs. 
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CONCLUSIONS 

The  operation  of  a  large  and  uniform  dense  raingage  network  across  Chicago  allowed  a 
detailed  assessment  of  the  heavy  rain  events  in  WY2001,  including  their  distribution  in 
time  and  space.  A  heavy  storm  was  defined  as  one  that  produced  amounts  equaling  or 
exceeding  2-year  recurrence  interval  values  for  durations  of  1  to  24  hours.  There  were 
eight  heavy  rain  storms  in  WY2001,  a  record  number  for  a  single  year,  and  two  storms 
produced  1-hour  amounts  that  rated  as  once  in  100-year  events.  This  recent  peak  in  storm 
occurrences  may  reflect  the  longer-term  trend  across  the  Midwest  toward  more  heavy 
rain  events. 

The  eight  storms  all  produced  some  form  of  flooding,  but  only  the  August  2  and  August 
30-31  storms  created  extensive  flooding  leading  to  water  reversals  into  Lake  Michigan. 
These  two  storms  both  had  rains  achieving  25-year  or  greater  return  frequencies,  whereas 
the  other  six  storms  had  rains  rated  as  only  2-  or  10-year  events  and  of  short,  1-  to  6- hour 
durations.  Efforts  to  reduce  flooding  through  the  construction  of  the  deep  tunnel  system 
and  the  installation  the  rain  blocker  system  have  clearly  reduced  flooding  in  the  short 
duration  rainstorms  that  do  not  produce  rainfall  values  of  high  frequency  (>25-year 
amounts).  However,  the  two  larger  more  intense  storms  of  WY2001  still  resulted  in 
extensive  flooding  of  basements  and  streets,  and  the  need  to  release  polluted  flood  waters 
into  Lake  Michigan.  None  of  the  eight  storms  produced  heavy  rains  over  6  hour  or 
longer  periods.  Furthermore,  none  of  the  2001  storms  produced  rainfall  amounts  as  large 
as  four  massive,  longer  duration  storms  that  occurred  between  1950  and  the  present. 

The  storm  rainfall  patterns  and  the  rainfall  movements  indicated  that  urban  effects  on 
storm  rainfall  amounts  and  intensities  were  likely  present  on  July  23,  July  24-25,  and 
August  2.  In  all  cases  the  storm  rainfall  was  greatest  over  the  city  center  and  intensified 
as  the  storm  moved  across  the  city.  Assessment  of  the  total  rainfall  generated  by  the  eight 
heavy  rainstorms  revealed  a  distinct  in-city  maximum  that  had  22%  more  rainfall  than 
surrounding  areas,  suggesting  that  urban  and  lake  influences  on  the  atmosphere  acted  to 
increase  heavy  rainfall. 
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Figure  1.  The  total  rainfall  (cm)  produced  by  the  eight  heavy  rainstorms  in  WY2001. 
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Figure  2.  The  number  of  times  each  raingage  experienced  a  storm  with  rainfall  amounts 
equaling  or  exceeding  2-year  recurrence  interval  levels  during  WY2001. 
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Figure  3.  Patterns  of  the  first  four  heavy  rainstorms  in  WY2001,  storm  totals  are  in  cm. 


a.  July  21, 2001  b.  July  22,  2001 
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Figure  4.  Patterns  of  the  last  four  heavy  rainstorms  in  WY2001,  storm  totals  are  in  cm. 


a.  August  2,  2001 


1.0  2.5  5.0 


b.  August  25,  2001 


.7.5 


1.0 


®  Gages  with 
>  2-yr  values 


2.5 


1.3 


•1.3 


®  /  9® 


®  /  ® 
11  (  12 


10.0' 

10 


® 

13. 


H 


2.5 


5.0 


® 


.10.0 


.7.5 


'5.0 


5.0 


ii 


2.5 


14 


1  w 

I  15 

\®16 

17 

©18 

/i9® 

®  \ 

21 

® 

f  22 
® 

/  23 

1  • 

20  ) 

5.6 

24 

125 

® 

L 

1  • 

3.8 


c.  August  30-31, 2001 


5.0  3.8 

d.  September  18-19,  2001 


1  *15 

vjpy 

2.5/ 

(LJ/ 
2°  // 

/21 

(®/ 

'22  ^22 

2S5.0 

5.0 

/  •  V 

24  / 

Scale  of  Miles 

0  5  10 

i^~  i - n 

0  5  10 

Scale  of  Kilometers 


2.5 


85 


Figure  5.  The  hourly  rainfall  amounts  (in  mm)  for  the  storm  on  August  2,  2001. 
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ABSTRACT 

Zinc  and  Cd  are  important  in  soil  ecosystems  making  knowledge  of  their  contents  signifi¬ 
cant  to  understanding  soil  characteristics  including  productivity,  toxicity  and  nutrient 
quality  of  biomass.  This  study  determined  contents  of  Zn  and  Cd  in  surface  soils  (Ap, 
Al,  or  All)  sampled  throughout  Illinois.  For  assay,  the  soil  materials  were  digested  in  a 
mixed  acid  under  pressure  and  the  finish  for  Zn  was  inductively  coupled  plasma  emission 
spectroscopy  and  for  Cd  was  inductively  coupled  plasma  mass  spectroscopy.  The  geo¬ 
metric  mean  total  Zn  was  60  mg  kg"1  (n=150,  geometric  deviation  (GD)  =  1.46)  and  total 
Cd  was  0.287  mg  kg"1  (n=72,  GD  =  1.64).  Zinc  tends  to  be  highest  in  soils  developed  in 
thin  to  moderately  thick  loess  overlying  Wisconsinan  till  and  in  north  central  Illinois 
where  Zn  may  have  been  derived  from  Zn-bearing  minerals  in  limestones  and  dolomites. 
Zinc  contents  are  relatively  low  in  Albaqualfs  of  south-central  Illinois.  Cadmium  con¬ 
tents  tend  to  be  high  in  soils  of  the  Green  River  Lowland  and  Rock  River  Hill  Country  of 
northwest  Illinois.  Low  Cd  levels  are  associated  with  soils  developed  in  thick  loess  adja¬ 
cent  to  the  Mississippi  River  and  in  relatively  highly  weathered  Albaqualfs  of  south  cen¬ 
tral  Illinois.  There  is  some  indication  that  loesses  blown  from  the  Wabash  and  Ohio  val¬ 
leys  are  slightly  higher  in  Cd  content  than  in  loess  from  the  Mississippi  Valley.  The 
mean  Cd  content  found  in  this  study  was  lower  than  means  of  other  studies  of  Illinois 
surface  soils.  There  is  no  relationship  between  the  contents  of  Zn  and  Cd  in  this  suite  of 
samples.  About  half  (R2  =  0.448)  of  the  content  of  Zn  was  explained  by  a  multiple  linear 
equation  of  clay  and  organic  C  contents.  Most  of  the  Zn  difference  is  explained  by  clay 
content.  No  significant  relationship  of  Cd  was  found  with  either  clay  or  organic  C  con¬ 
tents.  The  mean  of  the  log  ratio  of  Zn  to  Cd  was  204. 


INTRODUCTION 

Zinc  and  Cd  are  important  trace  elements  in  the  biosphere.  Zinc  plays  significant  roles  in 
enzymes  of  plants  and  animals  and  its  concentrations  in  compartments  of  the  soil-plant- 
animal  web  have  been  much  studied  both  from  the  standpoint  of  a  limiting  nutrient  in 
short  supply  and  as  a  toxic  element  in  abundance  (e.g.,  Prasad,  1993).  Cadmium  is  taken 
up  to  varying  degrees  by  plants  thereby  entering  the  food  chain  (e.g.,  Das  et  al.,  1997). 
Cadmium  is  a  potent  toxin  for  animals  (Friberg  et  al.,  1974)  and  the  element  has  been 
increased  in  concentration  in  certain  ecosystems  by  industrial  operations  and  by  disposal 
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of  domestic  and  industrial  wastes  (Elliott  and  Stevenson,  1977;  Torrey,  1979).  Some 
naturally  high  soil  levels  of  Cd  are  associated  with  organic-rich  black  shales  and  sulfide¬ 
bearing  ore  deposits  (Tourtelot,  1970). 

The  general  distribution  of  soil  orders  in  Illinois  (Fehrenbacher  et  al.,  1984)  amounts  to 
Alfisols,  developed  under  mixed,  deciduous  hardwood  trees,  occurring  on  rolling  topog¬ 
raphy  adjacent  to  rivers  and  streams,  on  the  hilly  landscape  of  the  dissected  Ozark  Pla¬ 
teau  that  occurs  across  the  southernmost  40  to  80  km  of  Illinois,  and  south  of  the  Wis- 
consinan  glacial  boundary  on  rather  level  topography  of  Illinoian  glacial  drift  that  is 
overlain  with  loess.  Mollisols,  developed  under  tail-grass  prairie,  occur  on  level  to  gently 
rolling  prairies  over  about  the  northern  half  of  the  state.  Seventy-nine  percent  of  the 
aereal  extent  of  upland  soils  have  loess  at  least  in  their  surficial  horizon  (Fehrenbacher  et 
al.,  1986).  Soil  development  is  closely  related  to  thinning  of  loess  with  distance  from 
riverine  source  areas.  Consequently  loess  thickness  can  be  related  to  taxonomic,  chemi¬ 
cal,  and  physical  characteristics  of  soils  in  belts  of  loess  of  contrasting  thickness  (e.g., 
Bray,  1934;  Smith,  1942;  Fehrenbacher  et  al.,  1986).  These  belts  tend  to  parallel  the 
Mississippi,  Illinois,  Wabash,  and  Ohio  river  valleys  that  were  loess  sources. 

This  study  is  a  part  of  a  long-term  characterization  of  the  constitution  of  Illinois  soils 
(e.g.,  Jones  and  Beavers,  1966;  Jones,  1986;  Jones,  1989;  Jones,  1991).  The  results 
provide  base-level  data  for  Zn  and  Cd  expected  in  surface  soils  of  the  different  soil 
regions  of  Illinois.  The  findings  also  provide  further  insight  into  provenance  and 
elemental  nature  of  the  glacial  deposits  that  are  the  parent  materials  of  almost  all  of 
Illinois  soils.  The  results  also  identify  potential  areas  for  subsequent  detailed  study. 

METHODS 

One  hundred  fifty  samples  of  surface  horizons  of  upland  soils  were  analyzed  for  Zn  and 
72  were  analyzed  for  Cd.  The  samples  came  from  the  soil-sample  archive  maintained  by 
the  College  of  Agricultural,  Consumer  and  Environmental  Sciences,  University  of  Illi¬ 
nois.  This  archive  contains  samples  collected  for  soils  investigations  throughout  the  20th 
century.  Sampling  sites  distributed  across  the  state  were  selected  to  be  representative  of 
soil  development  and  parent  materials.  The  uppermost  surficial  sample  -  usually  the  Al, 
Al  1,  or  Ap  horizon  -  of  a  given  soil  profile  was  studied.  Mollisol  and  Alfisol  soil  orders, 
mostly  with  fine  or  fine-silty  particle-size  classes  are  represented.  The  mixed  miner- 
alogic  class  is  most  common  except  in  northeastern  Illinois  where  a  thin  loess  layer  over- 
lies  drift  and  the  illitic  class  is  common.  The  sampling  sites  are  nearly  identical  to  those 
locations  shown  in  the  map  of  study  of  Ba  in  Illinois  soils  (Jones,  1986).  Virgin  and  cul¬ 
tivated  soils  were  sampled. 

The  air-dry  sample  was  crushed  and  passed  through  a  2-mm  screen.  Subsequently  a  care¬ 
fully  split  subsample  was  ground  in  an  agate  mortar  and  pestle  to  <250  |im.  About  0.54  g 
of  sample  weighed  to  the  fourth  place  was  digested  in  a  solution  containing  HN03,  HC1, 
HF,  and  H3B03  (CEM,  1991).  The  digestion  was  carried  out  in  a  microwave  oven  pro¬ 
grammed  to  deliver  100%  power  for  1  min.  followed  by  50%  power  for  20  min.  This 
power  sequence  was  repeated  two  times  for  a  total  of  63  min.  digestion.  Zinc  determina¬ 
tion  was  performed  by  inductively  coupled  plasma  emission  spectroscopy  in  the  Micro- 
analytical  Laboratory  of  the  School  of  Chemical  Sciences,  University  of  Illinois  at 
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Urbana-Champaign.  The  coefficient  of  variation  of  three  duplicate  analyses  of  random 
samples  was  4.97%  and  was  2.51%  for  three  samples  of  National  Institute  of  Standards 
and  Technology  (NIST)  Standard  Reference  Material  2709  (San  Joaquin  soil).  The  mean 
Zn  content  of  three  analyses  of  NIST  2709  was  105.4  mg  kg'1  which  compares  with  the 
certified  value  of  106  ±  3  mg  kg'1.  Cadmium  analysis  was  done  by  inductively  coupled 
plasma- mass  spectroscopy  of  the  acid  digestate.  These  analyses  were  performed  by  the 
Illinois  Waste  Management  and  Research  Center,  Illinois  Department  of  Natural 
Resources.  The  coefficient  of  variation  of  four  duplicate  analyses  was  17.99%  and 
8.79%  for  three  replicate  analyses  of  NIST  2709.  The  mean  Cd  content  of  NIST  2709 
analysis  was  0.41  mg  kg  1  which  compares  with  the  certified  value  of  0.38  mg  kg'1. 

An  isopleth  map  of  Zn  was  drawn  by  the  Geospatial  Analysis  and  Modeling  Section  of 
the  Illinois  State  Geological  Survey  using  ArcView  GIS  software  version  3.0a  (ESRI, 
Redlands,  CA).  A  grid  of  243  rows  and  136  columns  amounting  to  a  cell  size  of  6.7  km2 
was  superimposed  on  the  Illinois  state  map.  Cells  empty  of  data  within  the  grid  were 
assigned  values  using  the  spline  interpolator  method.  Finally,  using  data-filled  cells, 
smoothed  isopleths  were  drawn  using  a  weighting  factor  and  the  nearest  40  points  to  any 
given  cell  to  fit  the  isopleth  curve.  No  Cd  isopleth  map  was  drawn  because  of  the  few 
data  points.  Compositional  data  were  analyzed  using  procedures  in  SAS®  software 
release  8.1©  (SAS  Institute  Inc.,  Cary,  NC). 

RESULTS  AND  DISCUSSION 

The  Zn  analyses  were  distributed  log  normally  (Fig.  1;  Kolmogorov  D  =  0.119;  P  >  D  is 
<  0.01),  whereas,  the  Cd  data  are  neither  clearly  normal  (Fig.  2;  Kolmogorov  D  =  0.093; 
P  >  D  is  0.12)  nor  log-normal  (Kolmogorov  D  =  0.090;  P  >  D  is  0.15)  distributions.  Data 
for  the  log-normal  distribution  are  presented  herein.  The  geometric  mean  content  of  Zn 
was  60  mg  kg  1  (GD,  1.46)  soil  and  Cd  was  0.287  mg  kg'1  (GD,  1.64)  soil. 

An  isopleth  map  of  Zn  is  presented  in  Fig.  3.  Zinc  contents  tend  to  be  low  in  the  southern 
half  of  Illinois  except  for  an  area  about  35-km  wide  of  loessial  soils  adjacent  to  and  par¬ 
allel  with  the  Wabash  River  (Fehrenbacher  et  al.,  1986).  A  significant  amount  of  the 
loess  in  this  band  was  blown  westward  from  the  Wabash  alluvial  plain  as  has  other  loess 
at  the  sate  border  in  east  central  Illinois  where  a  band  of  loess  up  to  25-km  wide  and  as 
much  as  200-cm  thick  accumulated  in  which  surface  soils  have  >  110  mg  Zn  kg'1.  This 
latter  area  of  Zn  concentration  is  drawn  by  the  plotting  program  as  completely  enclosed 
by  isopleths,  whereas,  the  isopleths  probably  extend  into  Indiana  following  loess 
isopachs.  North  trending  bands  of  >  80  mg  kg'1  occur  25  to  40  km  E  of  the  Mississippi 
River  in  west  central  and  in  central  Illinois  100  to  150  km  E  of  the  Illinois  River.  These 
areas  reflect  larger  amounts  of  clay  in  surface  soils  relative  to  coarser  soils  in  thicker 
loess  to  the  west.  As  described  later,  clay  content  explains  a  large  portion  of  the  variance 
of  Zn  in  this  study.  The  relatively  highly  weathered  Albaqualf  soils  in  south  central  Illi¬ 
nois  bear  low  Zn,  30-mg  kg'1  or  less.  These  texture-contrast  soils  are  not  only  weathered 
and  leached  (Wilding  et  al.,  1963)  but  clay  as  well  as  organic  C  contents  of  the  surface 
horizons  are  low  so  Zn  adsorption  is  low  relative  to  that  in  Mollisols  of  adjacent  soil 
areas.  The  highest  level  with  most  continuous  extensive  occurrence  of  Zn  occurs  in  north 
central  Illinois  with  >100  mg  Zn  kg-1.  Here,  Ordovician-age  rocks  of  the  Plattville  and 
Galena  groups  (Willman,  1975)  and  a  limited  area  of  outcrop  of  Cambrian-age  rocks, 
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largely  sandstones,  outcrop  and  were  most  recently  glacially  eroded.  These  rock 
sequences  contain  numerous  limestones  and  dolomites  that  may  contain  accessory  Zn 
minerals,  principally  sphalerite. 

Inspection  of  a  map  of  Cd  concentrations  (not  shown)  indicates  several  generalizations 
regarding  local  Cd  levels.  Like  Zn,  lowest  Cd  levels  occur  in  the  Albaqual  soils  of  south¬ 
east  Illinois.  Highest  Cd  concentrations  occur  in  the  northern  half  of  Illinois  in  soils  of 
the  Green  River  Lowland  and  Rock  River  Hill  Country.  Soils  developed  in  thick  and 
moderately  thick  loess  derived  from  the  Mississippi  River  valley  have  low  Cd. 

Comparison  data  for  central  tendency  statistics  for  other  Zn  and  Cd  studies  relevant  to 
this  study  are  presented  in  Table  1.  The  geometric  mean  content  of  Zn  amounting  to  60 
mg  kg"1  found  in  Illinois  surface  soils  compares  with  the  geometric  mean  of  48  mg  kg  1 
found  by  Shacklette  and  Boerngen  (1984)  in  1239  samples  collected  at  about  20-cm 
depth  from  sites  throughout  the  conterminous  United  States.  For  localities  east  of  the  96th 
Meridian,  Shacklette  and  Boerngen  (1984)  reported  40  mg  kg"1.  For  a  study  of  Missouri 
surface  soils  (0  to  15  cm),  Connor  and  Shacklette  (1975)  reported  a  geometric  mean  of  49 
mg  kg'1  (GD  =  1.55).  Logan  and  Miller  (1983)  reported  an  arithmetic  mean  content  of  75 
mg  Zn  kg 1  soil  for  239  surface  soils  sampled  in  7  Ohio  counties.  Karathanasis  and  Seta 
(1993)  reported  an  arithmetic  mean  Zn  content  of  42.4  mg  kg'1  (s  =  47.5)  for  27  surface 
horizons  sampled  in  15  Kentucky  counties.  The  Illinois  EPA  Office  of  Chemical  Safety 
(1994)  presented  mean  contents  of  Zn  and  Cd  for  surface  soils  of  adjoining  counties 
comprising  five  areas  of  clustered  urbanized  counties  conforming  to  different  Metropoli¬ 
tan  Statistical  Area  classifications  (Table  1).  Surface  soil  samples  from  all  counties  (n  = 
26)  in  this  urban  category  had  an  arithmetic  mean  Zn  content  of  137.9  mg  kg 1  (median  = 
95.0  mg  kg"1;  n  =  106)  compared  with  76.3  mg  kg'1  (median  =  60.2  mg  kg'1;  n  =  140)  for 
all  other  or  not-urbanized  counties  (n  =  76).  The  arithmetic  mean  Zn  content  for  all  sam¬ 
ples  from  these  two  areas  was  102.9  mg  kg"1  (median  =  67.4  mg  kg"1;  n  =  246).  Results 
of  the  Missouri  and  the  two  Illinois  studies  suggest  that  the  content  of  Zn  in  an  Illinois 
surface  soil  not  affected  by  human- related  inputs  of  Zn  will  contain  about  60  mg  Zn  kg'1. 

The  geometric  mean  content  of  Cd  amounting  to  0.287  mg  kg'1  found  in  Illinois  soils 
compares  with  the  geometric  mean  of  0.175  mg  kg'1  (GD  =  2.70)  determined  by  Holm¬ 
gren  et  al.  (1993)  in  3045  samples  of  surface  soils  of  the  conterminous  United  States. 
Among  this  latter  sample  suite,  the  geometric  mean  Cd  content  of  131  samples  from  Illi¬ 
nois  amounted  to  0.181  mg  kg1.  Cadmium  analyses  of  243  Illinois  surface  soils  by  the 
Illinois  EPA  (Illinois  EPA  and  Office  of  Chemical  Safety,  1994)  resulted  in  a  much 
higher  arithmetic  mean  Cd  content  of  0.97  mg  kg'1  (median  =  0.50  mg  kg"1;  n  =  245). 
This  mean  content  compares  with  a  slightly  lower  mean  of  0.73  mg  kg  1  (median  =  0.50 
mg  kg"1)  for  a  sample  subset  of  139  locations  beyond  urbanized  areas.  There  is  no  appar¬ 
ent  explanation  for  the  much  higher  levels  reported  by  the  Illinois  EPA  compared  with 
contents  found  in  this  study.  Logan  and  Miller  (1983)  found  an  arithmetic  mean  Cd 
content  of  0.2  mg  kg'1  in  their  study  of  surface  soil  in  7  Ohio  counties. 

Data  for  clay  and  for  organic  C  contents  were  available  for  some  of  the  samples  assayed 
for  Zn  and  Cd.  Clay  and  organic  C  analyses  were  performed  by  analysts  in  the  soil  char¬ 
acterization  laboratory  of  the  former  Agronomy  Department  (later,  Crop  Sciences 
Department)  over  the  long  time  interval  that  the  samples  were  collected.  The  data 
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became  a  large  archive  of  soil  analyses.  Organic  C  analyses  were  performed,  at  least 
from  about  1950,  by  the  acid-dichromate  digestion  procedure  closely  following  method 
6Ala  (USDA  et  al.,  1996)  and  clay  content  was  determined,  also  from  about  1950  but 
probably  dating  earlier,  by  the  pipet  procedure  (Method  3A1,  USDA  et  al.,  1996). 
Among  the  data  (taken  in  their  logarithmic  forms),  there  are  significant  linear  regressions 
for  Zn  for  77  samples  with  clay  data  (R2  =  0.361,  P  <  .0001)  and  for  118  samples  with 
data  for  organic  carbon  (r2  =  .321,  Pr  <  .0001).  The  multiple  linear  regression  (Fig.  4) 
with  these  independent  variables  yields  somewhat  less  than  half  of  the  explanation  in  Zn 
variation  among  69  samples  (R2  =  0.448,  P  <  .0001).  Of  this  relationship,  clay  contrib¬ 
utes  0.355  to  the  model  R2.  In  contrast,  neither  clay  nor  organic  carbon  have  significant 
regressions  with  Cd.  The  regression  of  the  ratio  of  log  of  Zn  to  Cd  with  the  log  of  clay 
content  was  highly  significant  (n  =  38,  P  =  .001)  but  with  a  low  coefficient  of  determina¬ 
tion  (r2  =  0.254)  ,  whereas,  the  regression  of  the  ratio  with  log  organic  carbon  was  sub¬ 
stantially  lower  (n  =  53,  r2  =  .062,  P  =  .071).  Zinc  sorption  to  clay  minerals,  especially 
smectites  and  vermiculites,  is  greater  than  Cd  (Tiller  et  al.,  1984)  which  can  explain  some 
of  the  observation  of  the  direct  relationship  of  ratios  with  clay  content.  In  their  survey  of 
United  States  surface  soils  Holmgren  et  al.  (1993,  Table  9)  found  significantly  more  Zn 
in  fine  texture  classes;  e.g.,  14.9  mg  Zn  kg  1  in  loamy  sand  compared  with  98.0  mg  Zn  kg 
1  in  clay.  Cadmium  content  also  increased  substantially  in  finer  texture  classes. 

The  mean  of  the  log  ratio  of  Zn  to  Cd  in  this  study  amounted  to  204.  Holmgren  et  al. 
(1993)  reported  higher  ratios  among  their  samples  from  Illinois  with  the  range  of  250  to 
299. 


SUMMARY 

Geometric  mean  contents  of  Zn  and  Cd  amounted  to  60  mg  kg 1  and  0.287  mg  kg-1, 
respectively.  No  close  relationship  occurred  with  loess  thickness  and  attendant  weather¬ 
ing  and  soil  development  except  Cd  may  have  weathered  and  leached  from  surface  hori¬ 
zons  of  Albaqualfs.  Clay  content  explains  more  variance  in  Zn  content  than  organic  C 
does  and  neither  of  these  variables  explains  Cd  content  in  this  sample  suite.  There  was 
no  consistent  relationship  of  Zn  content  with  Cd  content.  However,  the  log  of  the  ratio  of 
Zn  to  Cd  as  a  function  of  clay  content  increased  significantly,  confirming  earlier  obser¬ 
vations  of  stronger  adsorption  of  Zn  than  Cd  to  smectite  and  vermiculite.  Mean  contents 
of  Zn  are  comparable  to  other  studies  of  Illinois  sample  suites  but  Cd  content  found  in 
this  study  is  lower. 
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Figure  1.  Histogram  of  total  Zn  occurring  in  Illinois  surface  soils.  Data  are  reported  in  5 
mg  kg  1  increments  or  bins.  Normal  (solid  line)  and  log-normal  (dashed  line) 
distributions  are  fitted  to  the  data. 
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Figure  2.  Histogram  of  total  Cd  occurring  in  Illinois  surface  soils.  Data  are  reported  in 
0.025  mg  kg  1  increments  or  bins.  Normal  (solid  line)  and  log-normal  (dashed 
line)  distributions  are  Fitted  to  the  data. 
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Figure  3.  Isopleth  map  of  Zn  in  Illinois  surface  soils.  Isopleth  interval  is  10  mg  Zn  kg'1. 
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Figure  4.  Multivariate  surface  for  total  Zn  in  Illinois  soils  as  a  function  of  clay  and 
organic  C  contents.  Axes  are  log  base  n.  The  equation  for  the  surface  is: 

Zn  =  1.2723  +  0.2516  Organic  C  +  0.4052  clay  content. 
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Table  1.  Contents  of  Zn  and  Cd  in  Illinois,  Missouri,  Ohio,  and  Kentucky  surface  soils. 
The  data  are  geometric  means  except  as  noted. 


Sampling  scheme 

Zn 

Cd 

Source 

Statewide 

-  -  -  mg  kg' 
60(150) 

1  (n)  -  -  - 
0.287  (72) 

This  study 

Statewide 

52.4(131) 

0.81  (131) 

Holmgren  et  al.  (1993) 

Statewide 

102.9f  (246) 

0.97t  (245) 

Illinois  EPA  Office  of  Chemical 
Safety  (1994) 

Counties  in  MSAt 

137.91*  (106) 

1.3*1*  (104) 

Illinois  EPA  Office  of  Chemical 
Safety  (1994) 

Counties  not  in  MSA 

76.3*1*  (140) 

0.731*  (139) 

Illinois  EPA  Office  of  Chemical 
Safety  (1994) 

Missouri 

49(1140) 

n.d. 

Connor  and  Shacklette  (1975) 

Ohio 

751*  (239) 

0.2*}*  (237) 

Logan  and  Miller  (1983) 

Kentucky 

42.4t(27) 

n.d. 

Karathanasis  and  Seta  (1993) 

t  Arithmetic  mean 
t  Metropolitan  statistical 

areas 
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ABSTRACT 

Comfort  is  a  state  of  ease  or  well-being  in  body  and  mind.  While  highly  prized,  its  physi¬ 
ology  has  received  scant  attention.  Considerations  regarding  the  physiology  of  comfort 
and  discomfort  are  presented  herein. 


COMFORT,  PLEASURE,  AND  PAIN 

Comfort  is  an  elusive  concept.  We  know  when  we  are  comfortable,  but  it  is  difficult  to 
define  precisely  what  it  is  that  makes  us  comfortable.  Subjective  by  its  very  nature,  com¬ 
fort  is  transient  and  inextricably  related  to  other  moods  and  emotions. 

Comfort  is  not  a  synonym  for  pleasure  nor  an  antonym  for  pain.  Pleasure  is  an  enjoyable 
sensation  that  ranges  from  gratification  to  happiness.  As  defined  by  Freud,  pleasure  is 
any  reduction  of  psychological  or  physical  tension,  and  this  could  apply  to  comfort,  too, 
though  persons  can  be  comfortable  without  particular  pleasure.  Pain  is  a  sensation  of 
hurting  or  mental  distress,  often  associated  with  tissue  injury.  Although  it  may  imply 
very  strong  discomfort,  pain  is  distinct  from  discomfort  in  severity  and  overall  character. 

THE  NEUROLOGY  OF  COMFORT 

The  neurology  of  comfort  is  yet  to  be  traced,  whereas  that  of  pain  has  been  well  defined 
in  terms  of  stimuli,  nerve  endings,  and  tracts  carrying  impulses  via  the  spinal  cord  to 
areas  of  reception  and  conscious  recognition  in  the  brain.  Degrees  of  pain  appear  to  be 
genetically  based  and  laid  out  via  a  definable  set  of  pathways  in  prenatal  development, 
resulting,  among  other  things,  in  ethnic  and  gender  differences  in  pain  perception.  Could 
there  be  analogous  ethnic  and  gender  differences  in  comfort  levels,  as  well?  With 
decoding  of  the  human  genome,  it  is  possible,  perhaps  even  likely,  that  genes  associated 
with  comfort  will  be  identified  and  ultimately  manipulated. 

Pain  reception  originates  in  free  nerve  endings  and  not  in  well-defined  receptors.  It  trav¬ 
els  as  nerve  impulses,  called  action  potentials,  through  specific  tracts  in  the  spinal  cord. 
These  tracts  terminate  first  in  a  center  within  the  brain  called  the  thalamus,  whence  they 
radiate  to  conscious  centers  in  the  cerebrum.  In  the  thalamus  the  pain  impulses  are 
changed  to  sensations  which  are  crudely  sensed  (protopathic).  This  means  that  an  indi¬ 
vidual,  with  pathways  interrupted  between  thalamus  and  cerebrum,  if  stuck  with  a  pin, 
with  his  eyes  closed,  can  only  say  that  something  is  hurting  him.  He  cannot  state  the 
name  of  the  object  or  its  precise  location  or  strength.  If  the  nerve  impulses  radiate  upward 
to  specific  pain  centers  in  the  cerebral  cortex,  they  are  translated  to  specific  aspects  of 
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consciousness  (epicritic).  The  thalamus  distributes  almost  all  sensory  information  travel¬ 
ing  to  the  cerebrum.  It  may  regulate  the  emotional  components  of  sensory  experience 
reaching  the  cerebrum,  suggesting  that  the  thalamus  may  have  a  significant  role  in  deter¬ 
mining  comfort. 

Pain  receptors  tend  to  adapt  with  time.  Adaptation  means  that  the  brain  will  not  be  clut¬ 
tered  excessively  with  impulses  that  outlive  their  function.  Pain  impulses,  however,  may 
never  fully  adapt.  In  contrast,  discomfort  tends  to  fade  entirely,  perhaps  because  there  are 
too  few  stimuli  or  insufficiently  strong  stimuli  to  maintain  it. 

Much  affective  behavior  is  mediated  by  the  limbic  system.  This  includes  a  number  of 
structures,  mostly  on  the  medial  surface  of  each  cerebral  cortex.  It  plays  an  important  part 
in  memory,  learning,  pleasure,  rage,  olfaction,  withdrawal,  and  other  responses.  Overall, 
limbic  functions  are  essential  for  the  behavioral  expression  of  emotions.  The  specialized 
visceral  aspect  of  emotions  require  the  mediation  of  hormones  and  the  autonomic  nervous 
system. 

While  pleasure  has  been  included  in  the  list  of  limbic  functions,  comfort  has  been  entirely 
disregarded.  The  distinction  is  not  without  social  significance.  In  the  mid- 18th  century 
in  Philadelphia,  the  Quakers  (Friends)  disowned  participants  for  infractions  that  included 
pleasure.  Comfort,  however,  did  not  appear  to  cause  them  any  anguish. 

Neurological  texts,  in  writings  about  sensation,  pay  no  obvious  attention  to  comfort  or 
discomfort.  In  medicine,  many,  if  not  all,  organ  systems  in  the  early  stages  of  dysfunction 
are  associated  with  signs  or  symptoms  that  involve  discomfort.  These  feelings  are  often 
overlooked  or  disregarded  because  they  are  generally  nonspecific,  bearing  little  obvious 
relationship  to  diagnosis  or  treatment.  Although  comfort  may  be  underappreciated  in 
clinical  diagnosis,  it  has  significant  physiologic  importance. 

RESPIRATION  AND  COMFORT 

The  respiratory  system  is  physiologically  responsive  to  changes  in  barometric  pressure. 
At  ordinary  levels  of  barometric  pressure,  the  lungs  modify  the  oxygen  demand  in  accor¬ 
dance  with  the  degree  of  exercise.  In  rarefied  atmospheres  the  partial  pressure  of  oxygen 
(but  not  its  percentage)  progressively  falls  with  increasing  heights.  This  oxygen  supplied 
to  the  tissues  via  the  arteries  is  essential  for  the  adequate  burning  of  foods  in  cells,  per¬ 
mitting  the  release  of  energy  needed  for  normal  bodily  activities. 

At  elevations  above  9,000  feet,  a  non-acclimated  coastal  dweller  will  often  experience  a 
decrease  in  comfort  and  well-being,  a  condition  commonly  known  as  mountain  sickness. 
With  time,  the  headaches,  nausea,  listlessness,  and  insomnia  will  resolve  as  the  respira¬ 
tory  system  compensates  to  maintain  physiologic  (and  comfort)  homeostasis. 

With  strenuous  exercise,  an  individual  may  pass  through  a  stage  of  discomfort,  possibly 
to  pain.  An  oxygen  debt  develops,  which,  like  a  monetary  debt,  must  be  satisfied.  Even 
after  the  discomfort  has  subsided,  physiologic  respiratory  mechanisms  continue  to  com¬ 
pensate  until  the  oxygen  debt  is  repaid  and  oxygen  supply  and  demand  are  once  again 
equalized. 
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A  clinical  model  for  respiratory  comfort  may  be  found  in  hospital  intensive  care  units. 
Mols  et  al  (2000)  found  that  artificial  respiration  via  mechanical  ventilators  may  be  made 
more  or  less  comfortable  by  changes  in  respiratory  rate  and  tidal  volume  (the  volume  of 
air  provided  with  each  mechanical  "breath"). 

THE  HEART  AND  COMFORT 

In  instances  where  oxygen  delivery  to  the  tissues  is  insufficient  due  to  cardiac  failure,  a 
patient  may  have  to  lie  semierect  to  breathe  more  comfortably  (orthopnea).  This  allows 
the  lungs  to  expand  gravitationally,  permitting  larger  expansion  of  the  air  sacs  to  fill  with 
oxygen. 

Where  the  cardiac  output  from  the  left  ventricle  reaches  a  critically  low  level,  due  to 
pathology  in  rate,  force  or  rhythm,  sensory  awareness  arises  with  attendant  discomfort 
followed  by  pain.  Myocardial  infarction  (so-called  "heart  attack")  provides  the  classic 
example.  The  coronary  arteries,  which  carry  blood  and  oxygen  to  the  heart  muscle,  may 
be  partly  or  wholly  occluded.  As  a  result  oxygen  is  inadequately  distributed  to  certain 
areas  of  the  heart  muscle.  Failure  in  oxygenating  the  myocardial  cells  is  called  ischemia, 
and  an  acute  infarction  (death)  of  the  myocardial  cells  may  follow.  Discomfort,  a  feeling 
of  chest  compression,  and  pain  are  the  symptomatic  hallmarks  of  this  all  too  common 
event.  Vague  discomfort  is  often  the  earliest  symptom,  preceding  more  typically  diag¬ 
nostic  severe,  left-sided  chest  pain,  underscoring  the  importance  of  comfort  awareness  by 
the  patient  and  physician.  Temporary  relief  may  be  made  available  by  nasal  oxygen,  and 
drugs  that  produce  dissolution  of  thrombi  and  vasodilation,  allowing  oxygenated  blood  to 
reperfuse  the  myocardium  and  alleviate  the  pain.  Longer  term  relief  may  require  cardiac 
surgery  to  bypass  the  occluded  areas  in  the  coronary  arteries. 

BLOOD  VESSELS  AND  COMFORT 

The  heart  plus  the  vessels  form  the  cardiovascular  system.  The  two  are  in  a  continuous 
series  circuit.  Until  the  17th  century,  blood  was  thought  to  ebb  and  flow,  like  tides  of  an 
ocean.  In  1620,  William  Harvey,  widely  considered  the  father  of  modem  physiology,  was 
the  first  to  show  that  blood  flowed  in  a  circle,  a  closed  circuit. 

Vascular  pathology  is  a  common  cause  of  discomfort  and  pain,  particularly  in  the  eld¬ 
erly.  Symptoms  may  become  obvious  in  patients  who  have  varicose  veins  or  in  patients 
in  whom  the  large  saphenous  veins  have  been  harvested  for  coronary  artery  grafting. 
Blood  returning  from  the  feet  to  the  heart  becomes  compromised;  discomfort  and  pain 
result.  Numerous  other  disorders  may  result  in  inadequate  venous  return  to  the  right 
atrium,  with  subsequent  inequality  between  input  to  the  right  heart  and  output  from  the 
left  heart,  resulting  in  chronic  heart  failure  and  discomfort. 

Reduced  arterial  blood  flow  to  the  lower  extremities  with  walking  or  exercise  is  a  com¬ 
mon  cause  of  pain  (claudication),  limiting  mobility  and  comfort.  Often  this  is  due  to 
atherosclerotic  narrowing  of  the  abdominal  aorta,  femoral  and  popliteal  arteries.  Nor¬ 
mally,  arterial  vessels  expand  as  blood  flows  into  them  with  ventricular  systole  (contrac¬ 
tion)  and  contract  during  subsequent  diastole  (relaxation).  In  medical  examinations  this  is 
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reflected  by  the  quantitative  readings  on  a  sphygmomanometer.  Arteries  are  like  elastic 
bands  that  stretch  when  pulled,  gaining  potential  energy.  The  process  is  called  compli¬ 
ance.  When  the  band  is  released,  the  energy  changes  to  kinetic  energy.  This  is  called 
elasticity.  Loss  of  compliance  or  elasticity  may  be  due  to  a  number  of  factors  including 
atherosclerosis,  calcification,  and  fibrosis.  Discomfort  and  pain  with  walking  are  frequent 
accompaniments. 


DIGESTIVE  SYSTEM  AND  COMFORT 

Discomfort  often  occurs  following  excess  ingestion  of  food.  A  bloated  stomach  and  pro¬ 
duction  of  gas  are  usually  at  cause.  In  the  elderly,  the  emptying  time  of  food  from  stom¬ 
ach  to  small  intestine  is  delayed  beyond  that  of  the  young  adult  (about  4  hours).  Fermen¬ 
tation  of  the  stomach  contents  can  follow  the  delay,  leading  to  the  formation  of  carbon 
dioxide  gas,  particularly  if  the  individual  goes  to  bed  directly  after  a  full  meal.  When  the 
brain  goes  to  sleep,  the  stomach  in  a  sense  does  the  same. 

There  is  occasionally  a  sensation  of  comfort  localized  in  the  lower  abdomen  following  a 
stressful  defecation.  The  individual  senses  a  welcome  relief  that  can  be  classified  as  com¬ 
fortable.  This  is  attributable  to  nerves  in  the  colon  that  transmit  an  "all-clear"  signal  to  the 
central  nervous  system. 

MUSCULOSKELETAL  SYSTEM  AND  COMFORT 

Daily  complaints  of  uncomfortable  shoes,  straps,  and  clothing  are  all  too  common. 
Women's  heels,  in  particular,  are  a  frequent  source  of  discomfort  in  a  trade-off  for  style. 
Backpacks  are  another  daily  source  of  discomfort,  although  appropriate  backpack  design 
can  make  our  schoolchildren  more  comfortable  (Jacobson  and  Jones,  2000). 

Almost  all  musculoskeletal  pathologies  are  associated  with  chronic  discomfort,  including 
arthritis,  myopathies,  sprains,  and  fractures.  It  is  nearly  impossible  to  be  comfortable 
with  aching  joints  or  while  wearing  a  bulky  cast.  Still,  anti-inflammatory  agents  may 
allow  an  increased  measure  of  comfort,  albeit  temporary,  in  patients  with  musculoskeletal 
disorders. 


VISUAL  AND  AUDITORY  COMFORT 

We  often  describe  glasses,  sunglasses,  and  contact  lenses  in  terms  of  comfort:  Does  the 
frame  fit  comfortably?  Is  the  color  too  dark  for  comfort?  Are  the  contact  lenses  suffi¬ 
ciently  comfortable  to  wear  all  day? 

Ambient  noise  is  another  source  of  discomfort.  Urban  dwellers  regularly  complain  of 
"noise  pollution".  Loud  music,  construction  equipment,  and  car  horns  strain  our  comfort 
levels.  Office  noises  have  proliferated  along  with  fax  machines,  printers,  and  computers. 
Paradoxically,  hospital  environments  provide  no  respite  from  discomforting  noises.  On 
the  contrary,  they  are  a  hotbed  of  jangling,  cacophonous  noises.  Interestingly,  for  care¬ 
givers  in  intensive  care  units,  noise  cancellation  devices  can  mitigate  the  beeps,  chimes 
and  whirrs  to  provide  an  acoustically  more  comfortable  environment  (Akatar  et  al., 
2000). 
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TEMPERATURE,  HUMIDITY,  LIGHT  AND  COMFORT 

Comfort  is  intimately  associated  with  certain  physical  events  in  the  environment,  espe¬ 
cially  temperature  and  relative  humidity.  Ambient  temperature  ultimately  affects  blood 
temperature,  which,  in  turn,  exerts  a  crucial  influence  on  most  physiologic  processes  and 
states  of  well  being.  Enzymes,  which  are  essential  chemical  catalysts  in  the  body,  are 
generally  only  effective  within  narrow  temperature  ranges. 

Humidity  and  wind  also  affect  temperature  perception  to  make  a  person  more  or  less 
comfortable.  We  often  hear  the  comment  that  a  given  climate  is  "hot,  but  dry,"  and 
weathermen  routinely  discuss  the  "wind-chill"  factor.  Heating  engineers  speak  of  a 
"comfort  index"  which  defines  the  influence  of  temperature,  humidity,  and  air  flow  on 
comfort.  Patients  afflicted  with  arthritis  know  only  too  well  the  discomfort  of  high  rela¬ 
tive  humidify  compounded  by  cold,  windy  air.  Low  atmospheric  pressure  is  an  addi¬ 
tional  factor  affecting  comfort.  High  storms  have  been  claimed  to  cause  inflation  of  tissue 
cells  in  joints.  This  exerts  pressure  against  joints  that  are  inflamed.  Discomfort  followed 
by  degrees  of  pain  can  occur. 

Enclosed,  man-made  environments,  such  as  airplanes,  submarines,  and  insulated  high- 
rise  buildings  provide  fascinating  laboratories  in  which  to  isolate  and  study  different  vari¬ 
ables  affecting  comfort.  Airplane  cabins,  in  particular,  allow  the  unique  study  of  baro¬ 
metric  pressure,  humidity,  turbulence,  prolonged  immobility,  and  jet  lag  on  passengers, 
as  outlined  in  a  fine  review  by  Rayman  (1997). 

Adequate  levels  of  performance  can  be  physically  dependent  on  narrow  ranges  of  atmos¬ 
pheric  conditions.  An  increase  of  two  or  three  degrees  Fahrenheit  can  induce  aches, 
pains,  or  fever.  Heat,  rather  than  humidity,  may  be  the  more  important  factor.  The  ther¬ 
moregulation  of  body  temperature  has  been  extensively  studied  in  man  and  animals. 
Temperature  regulation  is  among  the  highest  priorities  in  physiologic  homeostasis, 
involving  many  organ  systems,  especially  the  neural,  endocrine,  vascular,  and  muscu¬ 
loskeletal  systems.  A  complex  mixture  of  these  is  likely  involved  in  most  adaptive 
responses  to  thermal  stress.  Both  core  and  surface  temperature  affect  thermal  comfort, 
while  core  temperature  predominantly  alters  metabolic  and  autonomic  functions.  What 
appears  to  be  a  simple  response  to  thermal  stress  is  really  a  sophisticated,  highly  evolved 
set  of  physiologic  responses  to  maintain  thermal  balance  and  comfort. 

All  of  our  energy  exchanges  in  the  body,  collectively  termed  metabolism,  appear  as  heat 
which  may  be  measured  in  calories.  Our  lowest  rate  of  heat  production,  the  so-called 
basal  metabolic  rate,  is  measured  in  a  fasting  condition  with  the  individual  at  rest.  The 
typical  basal  metabolic  rate  is  approximately  1  kcal./kg  of  body  weight/hour,  or  about  70 
kcal/hour  in  the  average  adult.  Having  measured  an  individual’s  basal  metabolic  rate,  heat 
production  with  strenuous  exercise  or  other  conditions  of  activity  may  be  evaluated.  The 
body  temperature  in  health  is  kept  within  narrow  limits  by  a  process  called  thermoregu¬ 
lation.  We  have  a  “thermostat”  in  the  forebrain  that,  similar  to  a  home  thermostat,  can  be 
set  to  balance  thermogenesis  against  thermolysis  (heat  loss).  Conscious  perception  of 
thermal  variations  in  the  environment  are  often  described  in  terms  of  comfort  vs.  dis¬ 
comfort. 
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The  body  has  several  innate  processes  to  maintain  temperature  regulation.  The  nervous 
system,  blood  vessels  and  skin  are  importantly  involved.  Conduction,  convection,  and 
radiation  allow  us  to  transfer  heat  from  regions  of  higher  temperature  to  those  of  lower 
temperature.  These  are  very  effective  regulators.  Evaporation  of  sweat  also  allows 
cooling,  as  does  the  loss  of  warm,  humid  air  with  each  respiratory  exhalation.  Excretion 
of  urine  and  feces  is  of  minor,  but  measurable,  importance  in  terms  of  heat  loss.  With 
warming,  heart  rate  and  blood  volume  increase  along  with  increased  flow  to  dilated  cuta¬ 
neous  blood  vessels.  Conduction,  convection,  and,  most  especially  radiation,  allow  heat 
transfer  from  the  warmer  individual  to  the  cooler  environment. 

Mechanisms  to  achieve  temperature  homeostasis,  especially  heat  production,  may  be 
associated  with  temporary  discomfort.  Shivering  —  involuntary,  rapid  contraction  of 
skeletal  muscle  fibers  —  to  stay  warm  is  usually  uncomfortable.  It  is  a  normal,  adaptive 
activity,  producing  the  expenditure  of  energy,  increasing  body  heat  in  cold  environments. 
Whereas  the  posterior  aspect  of  the  hypothalamus  in  the  forebrain  is  thought  to  mediate 
shivering,  the  anterior  hypothalamus  produces  dilation  of  cutaneous  blood  vessels  and 
may  suppress  shivering.  These  two  closely  apposed  centers  thereby  partially  balance  heat 
production  and  loss  within  the  central  nervous  system.  In  addition  to  this  central  control, 
there  is  a  component  of  endocrine  thermoregulation,  as  well.  Epinephrine  is  secreted  by 
the  adrenal  glands  in  response  to  cold,  with  a  brief,  subsequent  increase  in  heat  produc¬ 
tion  due  to  an  increased  heart  rate,  and  a  decrease  in  heat  loss  due  to  peripheral  vasocon¬ 
striction.  Thyroid  hormone  has  a  more  prominent  and  longer-  lasting  calorigenic  effect. 
As  a  clinical  consequence,  patients  with  hypothyroidism  are  intolerant  to  cold,  while 
patients  with  hyperthyroidism  are  intolerant  to  heat. 

In  fever,  the  body  temperature  rises.  This  is  primarily  a  defensive  process,  a  part  of 
inflammation.  With  infectious  pathogens,  fever  may  represent  a  thermal  "battlefield 
maneuver"  between  the  body's  defenses  and  the  pathogen.  All  organisms  thrive  biologi¬ 
cally  at  given  temperatures  and  blood  acidities.  Inflammation  and  fever  are  essential 
processes  for  recovery  to  normal  function,  despite  the  discomfort  they  involve. 

Behavioral  thermoregulation,  such  as  clothing  selection,  is  regulated  in  large  part  to 
maintain  comfort,  especially  in  the  elderly  (Woon  Seon  Jeong,  1999).  Thermal  stresses, 
both  heat  and  cold,  alter  sleep.  In  the  process  of  falling  asleep  and  maintaining  it,  the 
comfort  of  warm  limbs  is  a  factor.  Warm  extremities,  especially  the  hind  limbs,  allow 
blood  vessels  to  dilate,  generally  an  act  of  comfort.  Senior  citizens  learn  this  by  experi¬ 
ence.  Use  of  heating  pads,  wooly  socks  or  just  placing  a  small  blanket  at  the  foot  of  the 
bed  may  significantly  increase  night-time  comfort. 

The  comfort  range  in  temperature  varies  among  individuals.  In  homes,  cars,  and  offices  it 
is  a  common  source  of  disagreement  among  the  occupants.  An  adipose  individual  is  well 
isolated  from  heat  loss,  and,  like  a  whale  in  the  Arctic  ocean,  may  be  overheated  easily. 
In  a  given  household,  if  one  person  is  fat  and  another  thin,  either  may  attempt  to  set  the 
thermostat  to  fulfill  his/her  own  comfort  level.  Endocrine  driven  differences  in  accept¬ 
able  room  temperatures  may  arise  with  thyroid  disease,  menopause,  and  other  conditions. 
The  effects  of  mental  states  and  organic  pathology  on  temperature  control  need  to  be 
studied  further. 
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Comfort  and  discomfort  may  be  cultural.  If  an  individual  has  resided  for  a  long  time  in  a 
cold  or  a  hot  environment,  he  or  she  may  not  be  comfortable  in  a  different  climate.  In 
addition,  there  is  no  significant  short-term  temperature  adaptation:  people  do  not  adapt  to 
hot  or  cold  rooms  after  a  short  time  therein.  Most  tend  to  express  their  feelings  vigor¬ 
ously  on  this  point. 

The  intensity,  duration,  and  spectrum  of  ambient  light  are  factors  in  comfort.  This  is  an 
important  consideration  in  industrial  situations  and  in  the  psychopathology  known  as  sea¬ 
sonal  affective  disorder  ("SAD").  In  dreary  climates  with  overcast  skies  or  long  winters, 
a  small  percentage  of  persons  may  become  depressed  due  to  insufficient  light  exposure. 
Vacations  to  sunny  climates  or  use  of  phototherapy  may  be  curative. 

MENTAL  STATES  AND  COMFORT 

There  are  many  negative  states  of  mind  in  opposition  to  comfort.  Examples  include 
anger,  fear,  depression,  sadness,  loneliness,  agitation,  anxiety,  and  grief.  In  contrast, 
positive  states  of  mind  can  facilitate  comfort.  An  example  of  a  positive  state  is  laughter. 
As  described  by  Harris  (1999),  this  was  explored  many  centuries  ago.  Harris  discusses 
the  basis  of  tickle  and  the  relationship  between  tickle  and  laughter.  Apparently,  an 
annoying  light  tickle  can  elicit  laughter  almost  anywhere  on  the  body  whereas  heavy 
tickling  elicits  laughter  only  when  applied  to  certain  ticklish  spots.  This  behavior  leads  to 
some  probable  clues  about  the  neural  mechanisms  involved. 

Localizing  the  foci  for  the  perception  of  comfort  in  the  brain  has  not  yet  been  achieved. 
However,  the  sensation  of  joy  is  thought  to  be  localized  in  the  front  part  of  the  brain,. 
The  left  side  of  the  brain  is  claimed  to  be  involved  in  happy  feelings  whereas  the  right 
side  is  thought  to  be  involved  in  negative  feelings.  Surely,  these  tentative  findings  will 
be  further  explored  and  defined,  perhaps  uncovering  a  "comfort  center"  in  the  process.  A 
possible  means  of  localizing  such  a  center  in  the  brain  is  with  positron  emission  tomogra¬ 
phy  (PET).  PET  scans  provide  functional  neuroimaging  to  complement  anatomic  data 
provided  by  computerized  tomography  (CT)  or  magnetic  resonance  imaging  (MRI) 
scans.  If  brain  metabolism  increases  focally  with  comfort,  the  sites  of  increased  metabo¬ 
lism,  possibly  representing  "comfort  centers",  could  be  pinpointed  with  such  scans. 
There  is  controversy,  however,  whether  foci  of  increased  metabolism  would  correspond 
to  relevant  sites  of  perception. 

Sexual  fulfillment  may  be  an  aspect  of  comfort,  especially  in  young  persons.  In  older 
people,  comfort  in  a  mutual  relationship  may  be  a  more  important  factor.  There  are  gen¬ 
der  and  cultural  differences  in  comfort,  perhaps  related  to  genetic  and  hormonal  vari¬ 
ances.  Evolutionary  pressures  to  maximize  comfort  might  even  be  in  play,  though  data 
are  scanty.  Could  comfort  play  a  role  in  preservation  of  the  race  as  well  as  the  individ¬ 
ual? 

Changes  in  comfort  may  be  related  to  the  diurnal  (daily)  rhythm  that  occurs  in  all  indi¬ 
viduals.  Physiological  processes  change  over  a  period  of  24  hours.  For  example,  blood 
pressure  starts  to  rise  to  its  peak  about  9  a.m.  along  with  the  concentration  of  adrenalin 
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(epinephrine).  Interestingly,  most  deaths  occur  at  about  this  time  of  day,  raising  the  ques¬ 
tion  of  possible  associations. 

Clinical  understanding  and  manipulation  of  comfort  may  be  seen  in  the  manner  that  some 
hospitals  use  children’s  wards.  In  many  hospitals,  for  example,  clinical  treatments  are  not 
performed  in  the  rooms  that  the  children  occupy  most  of  the  time.  The  child  is  given 
treatments  in  a  separate  room  and  returns  to  his/her  delegated  room  where  he/she  can  feel 
comfortable  and  not  threatened. 

Sloan  et  al  (2000)  recently  presented  evidence  for  the  association  of  religious  activities 
with  improved  health  and  comfort  in  patients.  However,  negative  aspects  were  also  con¬ 
sidered.  It  was  noted  that  religious  practices  can  at  times  be  disruptive.  Overemphasis  on 
the  predominant  religion  of  a  country  could  be  a  source  of  discomfort,  as  well. 

SUMMARY 

Comfort  is  poorly  understood,  with  its  physiological,  emotional,  social  and  cultural  com¬ 
ponents.  Yet  comfort  is  universally  desirable  and  an  important  aspect  of  our  daily  lives. 
Concerns  regarding  comfort  have  engaged  a  growing  spectrum  of  professionals  and  busi¬ 
nessmen,  including  architects,  engineers,  clothing  designers,  and  hotel  operators.  Com¬ 
fort  garners  an  especially  high  priority  on  cruise  ships  and  airlines,  both  isolated  envi¬ 
ronments  in  which  comfort  translates  into  dollars.  Lack  of  prior  attention  to  comfort 
may  be  due  to  its  seeming  unimportance  in  the  practice  of  medicine.  Increasingly,  how¬ 
ever,  in  medical  schools,  future  physicians  are  educated  about  the  importance  of  patient 
comfort.  Students,  nurses,  physicians,  and  hospice  personnel  are  now  routinely  trained 
in  the  management  of  comfort  for  the  terminally  ill.  With  a  greater  understanding  of  the 
physiology  of  comfort,  efforts  to  maximize  comfort  will  undoubtedly  become  more  suc¬ 
cessful. 
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ABSTRACT 

Rhabdochona  cascadilla  was  detected  in  the  intestine  of  Cycleptus  elongatus  from  the 
Mississippi  River  in  Randolph  County,  Illinois.  This  constitutes  the  first  record  of  this 
rhabdochonid  nematode  in  the  blue  sucker  and  the  only  internal  helminth  for  this  host. 


INTRODUCTION 

Nematodes  of  the  genus  Rhabdochona  Railliet,  1916  (Thelazioidea,  Rhabdochonidae)  are 
cosmopolitan  in  distribution  as  intestinal  parasites  of  freshwater  fishes  (Moravec  and  Coy 
Otero,  1987;  Moravec,  1994).  Approximately  96  nominal  species  have  been  recognized 
of  which  19  have  been  reported  from  North  and  South  America  (see  Sanchez- Alvarez  et 
al.,  1998).  Of  rhabdochonid  nematodes  reported  from  North  America,  Rhabdochona 
cascadilla  Wigdor,  1918  has  been  recorded  in  13  families,  30  genera,  and  53  species  of 
freshwater  fishes  across  Canada  and  the  United  States  (Hoffman,  1999).  Identification  of 
Rhabdochona  species  is  difficult  as  many  of  them  have  been  inadequately  or  erroneously 
described,  and  as  pointed  out  by  Sanchez- Alvarez  et  al.  (1998),  a  detailed  taxonomic 
revision  of  all  putative  species  in  this  group  warrants  initiation. 

MATERIALS  AND  METHODS 

A  single  adult  female  blue  sucker  (557  mm  standard  length)  was  collected  incidentally  by 
electrofishing  on  24  October  1996  from  the  Mississippi  River  just  below  the  mouth  of  the 
Kaskaskia  River,  Randolph  County,  Illinois  and  was  transported  alive  to  the  laboratory. 
The  gastrointestinal  tract  was  removed,  placed  in  a  container  of  0.65%  sodium  chloride 
solution,  cut  open  longitudinally,  and  examined  for  helminths  utilizing  a  stereoscopic 
microscope.  Nematodes  were  fixed  in  steaming  acetic  alcohol  (1  part  glacial  acetic  acid 
and  3  parts  95%  ethanol)  and  cleared  for  study  in  glycerine.  En  face  preparations  fol¬ 
lowed  the  methods  of  Anderson  (1958),  and  identification  of  nematodes  to  species  level 
was  based  on  the  study  by  Moravec  and  Arai  (1971).  In  addition,  eggs  were  dissected 
from  the  terminal  uteri  for  study.  Voucher  specimens  of  nematodes  were  deposited  in  the 
National  Parasite  Collection,  U.S.  Department  of  Agriculture  and  designated  by  the 
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accession  number  USNPC  No.  091949.00  (5  males,  5  females).  We  prepared  the  fish 
host  as  a  dry  skeleton  and  deposited  it  in  the  Southern  Illinois  University  at  Carbondale 
Fluid  Vertebrate  Collection  (SIUC  26826). 

RESULTS  AND  DISCUSSION 

Thirty  female  and  ten  male  rhabdochonid  nematodes  from  the  intestine  of  a  blue  sucker, 
Cycleptus  elongatus,  were  identified  as  Rhabdochona  cascadilla.  While  rhabdochonid 
nematodes  have  been  reported  from  freshwater  fishes  in  Illinois  (Hoffman,  1999),  this 
finding  constitutes  the  first  report  of  R.  cascadilla  from  Cycleptus  elongatus  in  the  con¬ 
tiguous  United  States. 

Until  recently,  the  catostomid  genus  Cycleptus  was  considered  monotypic  with  C.  elon¬ 
gatus  as  the  only  representative.  The  geographic  range  of  the  species  was  limited  to  large 
southward-draining  systems  extending  from  Texas  to  Mobile  Bay,  Alabama  and  north  in 
the  Mississippi  River  basin  to  the  Missouri  and  Ohio  drainages  (Lee  et  al.,  1980). 
Examination  of  over  300  museum  specimens  by  Burr  and  Mayden  (1999)  revealed  three 
allopatric  groups  of  Cycleptus  suckers  over  this  range:  a  western  group  in  the  Rio 
Grande,  a  central  group  in  the  Mississippi  River  basin,  and  an  eastern  group  in  the  Pearl 
and  Pascagoula  rivers  and  Mobile  River  basin.  They  considered  the  eastern  group  as  a 
new  species,  the  southeastern  blue  sucker,  Cycleptus  meridionalis,  while  the  remaining 
two  groups  were  retained  as  C.  elongatus. 

Few  external  parasites  have  been  reported  from  C.  elongatus.  Rogers  (1967)  described 
Myzotrema  cyclepti  (Monogenea)  on  C.  elongatus  from  Tombigbee  River,  Pickens 
County,  Alabama.  However,  based  on  the  type  locality  of  this  parasite  (Burr  and  May¬ 
den,  1999)  the  type  host  of  this  monogenean  is  now  known  as  Cycleptus  meridionalis. 
The  second  monogenean  reported  from  C.  elongatus  is  Anonchohaptor  olseni  described 
from  the  gills  of  blue  sucker  from  the  Missouri  River  at  tailrace  of  Garrison  Dam  near 
Riverdale,  Mercer  County,  North  Dakota  by  Leiby  et  al.  (1973).  They  also  reported 
finding  M.  cyclepti  on  their  hosts.  Later  Robinson  and  Jahn  (1980)  reported  Myzotrema 
cyclepti  in  2  of  4  C.  elongatus  in  pool  20,  Mississippi  River,  near  Hamilton,  Illinois. 
Johnson  and  Rogers  (1973)  listed  a  crustacean,  Ergasilus  megaceros  Wilson,  1916,  as 
occurring  on  C.  elongatus  from  Warren  County,  Mississippi.  A  single  leech,  Helobdella 
sp.,  was  found  attached  behind  the  pectoral  fin  of  the  blue  sucker  taken  from  Big  Bend 
Reservoir,  Missouri  River,  South  Dakota  (Alleman,  1965). 

To  our  knowledge,  with  the  exception  of  the  reports  of  Moss  et  al.  (1983)  and  Peterson  et 
al.  (1999)  on  unidentified  nematodes  in  the  digestive  tracts  of  C.  elongatus  from  the 
Neosho  River  in  Kansas  and  C.  meridionalis  from  the  Pearl  and  Pascagoula  rivers  in 
Mississippi,  respectively,  no  internal  helminth  has  been  reported  for  the  blue  sucker  or 
the  southeastern  blue  sucker.  The  finding  of  the  nematode  Rhabdochona  cascadilla  in 
the  intestine  of  Cycleptus  elongatus  from  the  Mississippi  River  in  Illinois  constitutes  the 
first  report  of  an  internal  helminth  species  in  this  fish. 
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ABSTRACT 

The  Illinois  species  of  Brachiacantha  are  described  and  discussed.  The  Illinois  fauna 
includes  six  species;  B.  ursina ,  B.  decempustulata ,  B.  felina ,  B.  quadripunctata 
quadripunctata ,  B.  dentipes  and  B.  indubitabilis.  A  key  to  the  identification  of  adults, 
descriptions  and  habitus  photographs  are  provided  for  each  species.  State  distribution 
maps  are  provided  for  the  four  Brachiacantha  species  for  which  numerous  Illinois 
records  were  found.  Also  discussed  is  the  species  status  of  B.  rotunda  Gordon,  which  we 
here  reduce  to  synonymy  with  B.  felina.  Malaise  traps,  sweep  netting,  yellow  sticky  traps 
and  visual  inspection  of  plant  material  were  effective  collecting  procedures  in  deciduous 
forest  habitats;  U-V  light  traps  and  pitfall  traps  did  not  collect  Brachiacantha.  The  larvae 
of  only  two  species  are  known  and  both  have  been  identified  as  myrmecophiles.  The 
evolutionary  basis  of  this  Brachiacantha- ant  relationship  is  discussed. 


INTRODUCTION 

The  Coccinellidae  (ladybird  beetles)  are  well  known  members  of  the  order  Coleoptera. 
Fifty-seven  genera  and  more  than  475  species  are  currently  recognized  in  the  family 
Coccinellidae  from  America  north  of  Mexico  (Gordon  1985,  Gordon  and  Vandenberg 
1991).  In  temperate  regions  many  of  these  beetles  are  considered  beneficial  as  predators 
on  pest  insects.  In  tropical  regions,  some  species  are  economically  important  plant 
feeders  (Belicek  1976). 

Beetles  of  the  family  Coccinellidae  are  round  to  elongate  oval,  and  convex  to  weakly 
convex.  Their  colors  are  usually  red,  orange,  or  yellow,  with  black  maculations,  or  black 
with  red  or  yellow  markings.  Antennae  are  clavate,  with  1 1  antennomeres,  sometimes 
reduced  to  10,  9,  8,  or  7.  The  apical  segments  of  the  maxillary  palpi  are  securiform, 
parallel  sided,  or  conical.  The  elytra  are  either  pubescent  or  glabrous,  but  not  truncate  or 
striate.  The  prostemal  process  distinctly  separates  the  transverse  front  coxae.  The 
abdomen  has  5-7  visible  stemites  and  a  postcoxal  line  is  nearly  always  present  on  the  first 
abdominal  stemite.  The  tarsal  formula  is  4-4-4  and  often  cryptotetramerous,  or  truly  3-3- 
3.  Tibial  spurs  are  either  present  or  absent;  tarsal  claws  are  simple  or  toothed.  Male 
genitalia  consist  of  a  curved,  sclerotized  aedeagus,  with  trilobed  phallobase.  Larvae  are 
campodeiform,  usually  with  numerous  setae,  and  often  colored  in  contrasting  colors  of 
black,  brown,  yellow,  or  orange. 
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Adult  beetles  of  the  genus  Brachiacantha  (from  the  Greek  "brachys"  meaning  short  and 
"akantha"  meaning  thorn)  are  rounded  to  elongate  oval  and  strongly  convex.  Their  color 
is  black  with  variable  patterns  of  yellow  to  orange  spots,  some  of  which  may  become 
confluent.  The  antennae  have  1 1  antennomeres,  with  the  insertions  concealed  ventrally. 
The  eyes  are  narrowly  emarginate  by  the  expansion  of  the  epistoma.  The  epipleura  are 
strongly  excavated  for  reception  of  the  middle  and  hind  femoral  apices.  The  prothoracic 
tibiae  are  flanged  or  grooved  and  have  distinct  spines  (Figs.  1  &  2).  Tarsal  claws  have 
large,  basal,  quadrate  lobes.  The  emarginate  eyes  and  the  spines  on  the  prothoracic  tibiae 
easily  distinguish  Brachiacantha  from  all  other  members  of  the  Hyperaspini,  particularly 
Hyperaspis  species,  which  they  closely  resemble. 

Brachiacantha  is  a  New  World  genus  with  50  species  and  subspecies  currently 
recognized,  ranging  from  Canada  to  Argentina.  Twenty-six  species  and  subspecies  are 
recognized  from  America  north  of  Mexico  (Gordon  1985).  Two  North  American  species 
of  the  genus  have  been  found  to  be  myrmecophilous  as  larvae,  in  nests  of  ants  of  the 
genus  Lasius ,  where  they  feed  upon  root  aphids  and  root  coccids  (Smith  1886,  Wheeler 
1911).  Adults  are  found  on  vegetation  in  deciduous  forest  habitats  (Blatchley  1910, 
Maredia,  et  al.  1992). 

The  purposes  of  this  research  were  to:  (1)  determine  the  Brachiacantha  species  occurring 
in  Illinois,  (2)  provide  descriptions  and  a  key  to  those  species,  (3)  record  the  distribution 
and  seasonal  occurrence  of  each  species  within  the  state,  and  (4)  add  to  our  knowledge  of 
the  biology  of  these  species  where  possible. 

METHODS 

A  total  of  1810  specimens  of  Brachiacantha ,  430  of  which  were  from  Illinois,  were 
examined  and  identified.  These  specimens  were  collected  in  the  context  of  this  research, 
or  borrowed  from  18  institutions  and  private  collections.  Data  from  all  specimens 
collected  or  examined  from  Illinois  are  cited  in  the  “Systematic  Account  of  the  Species” 
with  museum  acronyms  as  follows:  Brian  Baldwin  Collection,  Little  Rock,  AR,  (BBBC); 
Eastern  Illinois  University,  Charleston,  IL,  (EIUC);  Field  Museum  of  Natural  History, 
Chicago,  IL,  (FMNH);  Florida  State  Collection  of  Arthropods,  Gainesville,  FL,  (FSCA); 
Hastings  College,  Hastings,  NE,  (HCCA);  Illinois  Natural  History  Survey,  Champaign, 
IL,  (INHS);  Illinois  State  University,  Normal,  IL,  (ISUC);  Louisiana  State  University, 
Baton  Rouge,  LA,  (LSUC);  P.  E.  Skelley  Collection,  Gainesville,  FL,  (PESC);  Purdue 
University,  West  Lafayette,  IN,  (PURC);  Southern  Illinois  University,  Carbondale,  IL, 
(SIUC);  University  of  Arkansas,  Fayetteville,  AR,  (UADE);  University  of  Kentucky, 
Lexington,  KY,  (UKYC);  University  of  Michigan,  Ann  Arbor,  MI,  (UMMZ);  University 
of  Missouri,  Columbia,  MO,  (UMRM);  University  of  Wisconsin,  Madison,  WI, 
(UWEM);  Washington  State  University,  Pullman,  WA,  (WSUC);  Western  Illinois 
University,  Macomb,  IL,  (WIUC). 

Several  techniques  were  employed  to  collect  additional  Brachiacantha  for  this  study. 
Malaise  traps,  as  described  by  Townes  (1972),  provided  a  continuous  collection  method 
for  flying  insects.  These  traps  were  equipped  with  "wet"  head  type  collecting  jars 
containing  80%  ethanol.  Collecting  jars  were  replaced  weekly  from  early  spring  to  early 
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winter.  Malaise  traps  have  been  monitored  and  maintained  in  1 0  different  woodland  sites 
in  Illinois  over  the  past  decade  by  one  of  us  (MAG)  and  two  of  his  graduate  students,  J. 
W.  Griffiths  and  R.  S.  Hanley. 

Yellow  sticky  traps  were  also  used  to  collect  Brachiacantha  adults.  These  traps  were 
made  of  thin  plastic,  6  by  12  inches,  with  a  coating  of  “Tangle-trap."  They  were 
suspended  by  cotton  string  from  tree  branches,  usually  near  the  bank  of  a  small  stream  at 
three  different  woodland  sites  in  Clark,  Coles  and  Hardin  counties  in  Illinois.  Specimens 
were  removed  from  sticky  traps  in  the  field  with  forceps  and  placed  in  screw-top  glass 
vials  containing  80%  ethanol.  Cleaning  the  "Tangle-trap"  material,  usually 
polyisobutylene  (PIB),  from  these  specimens  required  a  24-48  hr  bath  in  pure  lemon 
extract,  followed  by  a  24-48  hr  bath  in  xylene. 

Sweep  sampling  of  ground  cover  and  lower  tree  foliage,  using  a  1 2  inch  standard  insect 
net,  visual  collection  of  specimens  from  foliage,  pitfall  trapping  and  U-V  light  trapping 
were  also  employed  to  collect  adult  Brachiacantha  at  many  woodland  locations  in 
Illinois. 

Collection  of  adult  Brachiacantha  was  concentrated  in  deciduous  forest  habitats. 
Wooded  habitats  were  selected  as  a  result  of  previous  collecting  experience.  Preliminary 
collecting  studies  were  conducted  from  May  to  November  of  1993,  consisting  of  weekly 
"20  sweep  samples"  in  each  of  three  other  distinct  habitats.  These  habitats  were:  a 
commercial  apple  orchard  located  seven  miles  southeast  of  Charleston,  Illinois,  a  grassy 
field  located  south  of  the  boundary  of  Fox  Ridge  State  Park  in  Coles  County,  and  a 
prairie  restoration  area  at  the  entrance  to  Fox  Ridge  State  Park.  These  studies,  although 
successful  in  collecting  several  genera  of  coccinellids,  yielded  no  specimens  of 
Brachiacantha.  Brachiacantha  were  regularly  taken  in  deciduous  forests  during  the  same 
period. 

In  examining  adults  in  the  laboratory,  body  lengths  were  measured  with  a  dissecting 
microscope  from  the  anterior  margin  of  the  pronotum  to  the  apex  of  the  elytra.  Body 
widths  were  measured  at  the  widest  point  between  the  lateral  margins  of  the  closed  elytra. 

The  Illinois  collection  maps  are  based  on  locations  taken  from  the  labels  of  specimens 
examined  in  the  course  of  this  study. 


RESULTS 

Five  Brachiacantha  species  collected  in  Illinois  were  examined  and  identified. 

Seen  most  commonly  were  B.  ursina ,  B.  decempustulata,  B.  felina  and  B.  q. 
quadripunctata ;  more  rarely  collected  was  B.  dentipes.  A  sixth  species,  B.  induhitabilis , 
has  been  recorded  for  Illinois.  Although  no  specimens  of  this  species  from  Illinois  were 
seen  in  this  study,  it  has  been  included  in  the  list  of  species  because  the  lectotype  for  the 
species,  designated  by  Gordon  (1985),  is  an  Illinois  specimen  in  the  LeConte  collection. 

Of  the  methods  employed  by  us  in  this  study  to  collect  Brachiacantha  adults,  Malaise 
trapping  proved  to  be  the  most  successful  with  94  specimens  of  three  species  collected; 
B.  decempustulata ,  B.  felina  and  B.  q.  quadripunctata.  Sweep  netting  and  visual 
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inspection  of  plant  material  (manual  collecting)  yielded  39  specimens  of  four  species;  B. 
ursina ,  B.  decempustulata ,  B.felina  and  B.  q.  quadripunctata.  Yellow  sticky  traps  were 
effective  in  collecting  13  specimens  of  two  species;  B.  decempustulata  and  B.  q. 
quadripunctata .  U-V  light  traps  and  pitfall  traps  were  not  successful  in  collecting 
specimens  of  Brachiacantha.  Two  species  recorded  for  Illinois  were  not  collected  in  the 
course  of  this  study,  B.  dentipes  and  B.  indubitabilis.  Illinois  specimens  of  B.  dentipes 
were  seen  among  museum  specimens  examined. 

KEY  TO  THE  BRACHIACANTHA  SPECIES  OF  ILLINOIS 


1.  Prothoracic  tibia  with  arcuate  flange  on  outer  margin  (Fig.  1);  male 

abdomen  with  3rd  stemite  prominently  bicuspid . B.  dentipes 

Prothoracic  tibia  not  noticeably  flanged,  or  if  flanged,  then  flange  not 

arcuate  (Fig.  2);  male  abdomen  with  3rd  stemite  lacking  cusps . 2 

2.  Elytra  black,  with  five  yellow  to  yellow-orange  spots  on  each  elytron; 

spots  may  be  partially  confluent  or  confluent  to  the  extent  that  each 

elytron  is  mostly  yellow  to  yellow-orange . 3 

Elytra  black,  with  less  than  five  yellow  spots  on  each  elytron . 5 

3.  Form  round . B.  felina 

Form  oval  to  elongate-oval . 4 

4.  Less  than  3.00  mm  long;  elytra  black,  with  five  small  yellow  spots  on 

each  elytron;  elytra  coarsely  punctured,  punctures  separated  by 

more  than  the  diameter  of  a  puncture . B.  decempustulata 

More  than  3.00  mm  long;  elytra  black,  with  five  yellow  to  yellow- 
orange  spots  on  each  elytron,  spots  may  be  partially  confluent  or 
confluent  to  the  extent  that  the  elytron  is  mostly  yellow  to  yellow- 
orange;  elytra  finely  punctured,  punctures  separated  by  less  than 
the  diameter  of  a  puncture . B.  ursina 

5.  Elytra  black,  with  two  yellow  spots  on  each  elytron,  one  basal  and  one 

apical;  male  with  additional  feeble  humeral  spot  on  each  elytron . 

. B.  quadripunctata  quadripunctata 

Elytra  black,  with  3  yellow  spots  on  each  elytron,  two  median,  one 

apical . B.  indubitabilis 


SYSTEMATIC  ACCOUNT  OF  THE  SPECIES 

Genus  Brachiacantha  Dejean  1836 

This  genus  differs  from  all  other  genera  in  the  family  Coccinellidae  by  the  sum  of  the 
following  characters:  small  size,  1.80  mm  to  6.30  mm  long;  having  emarginate  eyes  by 
the  expansion  of  the  epi  stoma;  having  small  spines  at  the  basal  2/5  of  the  prothoracic 
tibiae;  two  carinae  may,  or  may  not,  be  present  on  the  prostemum,  if  carinae  are  present, 
they  are  slightly  convergent  apically;  scutellum  wider  than  long;  epipleura  nearly  flat; 
postcoxal  line  on  first  abdominal  stemite  incomplete,  of  the  Scymnus  type.  Male:  ffons 
mostly  yellow;  clypeus  may  be  slightly  darkened  to  dark  brown;  pronotum  black,  with 
broad  yellow  to  orange  anterolateral  angles  and  a  narrow  to  broad  yellow  to  orange 
anterior  margin,  usually  with  an  extension  medially  into  apical  margin  of  black  area; 
metepistemum  light  yellow  to  yellow;  seven  abdominal  sterna  present.  Female:  head 
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yellow,  except  clypeus  brown  or  black;  pronotum  black,  except  for  broad  yellow  to 
orange  anterolateral  angles;  six  abdominal  sterna  present. 

Brachiacantha  dentipes  (Fabricius) 


Diagnostic  Description: 

This  species  differs  from  other  North  American  species  of  Brachiacantha  by:  having  a 
yellow  to  orange  apical  spot  and  irregular  median  band  on  each  elytron,  varying  in  shape 
and  width  and  sometimes  separated  into  two  large  spots;  and  oblong  to  slightly  oval  body 
form.  This  species  is  easily  the  largest  of  the  Illinois  Brachiacantha.  Overall  length 
4.75-6.30  mm;  width  3.60-4.60  mm  (Fig.  3).  Male:  pronotum  black,  with  broadly  yellow 
to  orange  anterolateral  angles,  narrow  yellow  to  orange  anterior  margin  with  slight 
extension  medially  into  apical  margin  of  black  area;  third  abdominal  stemite  with  cusps 
separated  by  1/2  the  diameter  of  a  cusp.  Female:  pronotum  black,  with  only  the 
anterolateral  angles  yellow  to  orange;  abdominal  stemites  glabrous. 

Distribution: 

Found  in  eastern  and  midwestem  North  America,  ranging  in  the  north  from  New 
Hampshire  to  Ontario  and  Nebraska,  in  the  south  from  Florida  to  Louisiana  and  northern 
New  Mexico.  We  recorded  a  single  specimen  from  Union  County  in  southern  Illinois. 
We  also  examined  one  museum  specimen  labeled  only  "IL."  In  addition,  we  have 
recorded  museum  specimens  from  seven  locations  in  Missouri. 

Seasonal  Occurrence: 

The  Illinois  specimen  from  Union  County  was  collected  26  May  1972. 

Remarks: 

Brachiacantha  dentipes  was  designated  as  the  type-species  for  the  genus  by  Crotch 
(1873).  Because  this  species  is  uncommonly  collected  in  Illinois,  despite  its  large  size, 
we  suspect  it  has  a  more  southerly  distribution  than  Gordon  (1985)  suggests. 

The  immatures  of  this  species  have  not  been  described. 

Material  Examined: 

We  examined  32  specimens  of  B.  dentipes ,  two  of  which  were  from  Illinois.  IL,  (1 
INHS);  Union  Co.,  Pine  Hills,  26  May  1972  (1  SIUC). 

Brachiacantha  ursina  (Fabricius) 


Diagnostic  Description: 

This  species  differs  from  other  Illinois  species  of  Brachiacantha  by:  having  five  yellow 
to  yellow-orange  spots  on  each  elytron;  a  finely  punctured  elytral  surface  which  gives  it  a 
slightly  dull  appearance;  and  elongate-oval  body  form.  In  some  Midwestem  specimens 
the  elytral  spots  are  partially  to  completely  confluent,  making  the  elytra  mostly  yellow  to 
yellow-orange.  Overall  length  3.00-4.50  mm;  width  2.10-3.20  mm  (Fig.  4).  Male: 
pronotum  black,  with  anterolateral  angles  broadly  yellow  to  yellow-orange,  narrow 
yellow  to  yellow-orange  anterior  margin  with  the  yellowish  color  extending  medially  into 
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the  apical  margin  of  black  area.  Female:  pronotum  black,  with  only  the  anterolateral 
angles  yellow  to  yellow-orange. 

Distribution: 

Found  in  eastern  and  midwestem  North  America,  ranging  in  the  north  from 
Newfoundland  to  Saskatchewan,  in  the  south  from  South  Carolina  to  Arkansas.  Gordon 
(1985)  reports  a  disjunct  population  in  Louisiana.  We  recorded  specimens  from  29 
Illinois  counties  ranging  throughout  the  state  (Fig.  9). 

Seasonal  Occurrence: 

Adults  have  been  collected  in  Illinois  from  31  March  through  12  October,  with  the 
greatest  number  of  specimens  collected  in  June. 

Remarks: 

Of  the  134  adult  specimens  seen  from  Illinois,  26  (19.4%)  are  in  the  EIUC.  Only  eight  of 
these  26  specimens  (30.8%)  have  been  collected  since  1990  and  all  were  manually 
collected.  Although  this  species  historically  has  been  the  most  commonly  collected  in 
Illinois,  it  has  not  been  collected  in  Malaise  traps  despite  extensive  Malaise  trap 
collecting  by  one  of  us  (MAG)  and  his  graduate  students  in  a  variety  of  woodland 
habitats  in  the  last  decade.  This  is  in  contrast  to  three  other  Brachiacantha  species  which 
were  frequently  collected  using  this  technique  (Table  1). 

Smith  (1886)  collected  larvae  of  B.  ursina  in  nests  of  ants  of  the  genus  Lasius.  He 
reported  that  these  larvae  were  not  attacked  by  the  ants  even  as  they  fed  on  the  aphids 
domesticated  by  the  ants.  These  larvae  were  described  as  being  a  “sordid  whitish- 
yellow”  and  of  similar  form  to  other  coccinellids.  Smith  also  states  that  the  larva  ".. 
excretes  a  waxy  substance  that  exudes  in  long  strings  and  gives  the  insect  the  appearance 
of  being  covered  with  cotton  or  hoar  frost."  Larvae  of  this  species  have  not  been 
collected  since  and  a  more  complete  and  diagnostic  description  is  needed. 

Material  Examined: 

We  examined  776  specimens  of  B.  ursina ,  134  of  which  were  from  Illinois.  IL,  (3 
INHS);  N.  IL,  (3  WSUC);  Adams  Co.,  Quincy,  30  June  1951  (1  INHS),  1  July  1953  (1 
INHS);  Bureau  Co.,  Princeton,  2  July  1937  (2  INHS);  Carroll  Co.,  Savanna,  15  June 
1932  (1  INHS);  Mt.  Carroll,  15  June  1932  (1  INHS);  Champaign  Co.,  23  June  1926  (1 
INHS);  Cham.,  4  June  1915  (1  INHS);  Champaign,  30  May  192-  (1  INHS);  Urbana,  19 
June  1940  (1  INHS),  28  June  1940  (1  INHS),  13  June  1941  (1  INHS);  Clark  Co.,  Rocky 
Branch,  Dolson,  25  June  1932  (1  INHS);  Coles  Co.,  16  June  1959  (1  EIUC),  14  June 
1965  (1  EIUC),  17  June  1965  (1  EIUC),  27  June  1966  (1  EIUC),  15  June  1972  (1 
UADE),  30  June  1985  (2  PESC);  Charleston,  July  1937  (2  EIUC),  7  June  1941  (2  INHS), 
14  June  1962  (1  EIUC),  9  June  1965  (1  EIUC),  10  June  1966  (1  EIUC);  Salisbury,  10 
June  1934  (1  EIUC),  27  July  1935  (1  EIUC);  Cook  Co.,  (4  FMNH);  Skokie,  13  July 
1953  (1  UMRM),  25  June  1955  (1  UMRM);  Cumberland  Co.,  2mi  W.  Toledo,  29  June 
1993  (1  EIUC),  8  July  1993  (1  EIUC),  25  May  1996  (6  EIUC);  Du  Page  Co.,  Hinsdale, 
10  June  1953  (4  INHS);  Hancock  Co.,  A.  L.  Kibbe  Life  Sci.  Sta.,  25  June  1969  (1 
WIUC),  6  July  1982  (1  WIUC);  Hamilton,  6  July  1982  (1  WIUC);  Iroquois  Co., 
Watseka,  4  June  1932  (1  INHS);  Jackson  Co.,  Carbondale,  24  May  1961  (1  SIUC),  19 
June  1963  (1  SIUC),  31  March  1964  (1  SIUC),  4  June  1979  (1  SIUC);  Giant  City,  27 
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May  1975  (6  SIUC);  Murphysboro,  27  May  1965  (1  SIUC);  SIU  campus,  27  June  1974 
(1  SIUC),  10  Sept  1974  (1  SIUC),  5  June  1975  (1  SIUC),  16  June  1975  (3  SIUC),  25 
June  1975  (1  SIUC);  Jo  Daviess  Co.,  Galena,  30  June  1932  (4  INHS);  Apple  River 
Canyon  St.  Pk.,  27  June  1940  (2  INHS);  Johnson  Co.,  Grantsburg,  20  June  1940  (2 
INHS);  Kane  Co.,  Elgin,  16  June  1934  (1  INHS);  Elgin,  Prairie  Hill,  2  Aug  1945  (1 
INHS);  Lake  Co.,  Beach,  26  June  1927  (1  FMNH);  Lake  Forest,  4  July  1952  (1 
UMRM);  Waukegan,  10  June  1933  (1  INHS);  Lawrence  Co.,  Lawrenceville,  June  1935 
(1  EIUC);  Macon  Co.,  12  June  1983  (1  PESC),  10  June  1984  (3  EIUC);  Decatur,  12  June 
1935  (1  INHS);  McDonough  Co.,  Fandon,  12  June  1979  (1  WIUC);  Macomb,  July  1957 
(1  WIUC),  19  April  1968  (1  WIUC),  27  June  1982  (1  WIUC);  McLean  Co., 
Bloomington,  June  1963  (1  ISUC);  Normal,  27  June  1883  (2  INHS);  Piatt  Co., 
Monticello,  28  June  1932  (1  INHS);  Putnam  Co.,  12  June  1932  (2  INHS),  4  July  1932  (1 
INHS);  1.5mi  S.  Putnam,  27  June  1984  (1  INHS);  Shelby  Co.,  24  June  1984  (2  EIUC); 
Shelbyville,  Lakewood  Rd.,  8  Sept  1936  (1  EIUC);  Union  Co.,  Cobden,  28  April  1884 
(13  INHS);  Pine  Hills,  12  Oct  1974  (1  SIUC);  Giant  City  St.  Pk.,  23  June  1963  (1  SIUC); 
Vermilion  Co.,  Forest  Glen  Preserve,  28-29  July  1975  (1  BBBC),  16  July  1976  (1 
BBBC);  Wabash  Co.,  Mt.  Carmel,  6  June  1941  (4  INHS);  Williamson  Co.,  Carterville, 
30  May  1961  (1  SIUC);  Winnebago  Co.,  New  Milford,  2  July  1936  (2  INHS); 
Woodford  Co.,  Spring  Bay  region,  21  June  1942  (1  INHS). 

Brachiacantha  decempustulata  (Melsheimer) 

Diagnostic  Description: 

This  species  differs  from  all  other  North  American  species  of  Brachiacantha  by:  having 
five  light  yellow  to  yellow  spots  on  each  elytron;  a  sparsely  punctured  elytral  surface, 
with  the  punctures  separated  by  the  diameter  of  a  puncture  or  more;  and  oval,  slightly 
elongate  body  form.  Overall  length  1.80-2.80  mm;  width  1.30-2.00  mm  (Fig.  5).  Male: 
pronotum  black,  with  anterolateral  angles  broadly  yellow  and  narrow  yellow  anterior 
margin  with  yellow  extending  medially  into  the  apical  margin  of  black  area.  Female: 
pronotum  black,  with  anterolateral  angles  yellow;  pronotum  occasionally  with  very 
narrow,  pale  yellow  margin  without  extension  into  the  black  area. 

Distribution: 

Found  in  eastern  and  midwestem  North  America,  ranging  in  the  north  from  New 
Brunswick  and  Nova  Scotia  to  North  Dakota,  in  the  south  from  Florida  to  Louisiana.  We 
recorded  specimens  from  12  Illinois  counties  scattered  throughout  the  state  (Fig.  10). 
This  species  is  probably  much  more  widespread  throughout  the  state  but  is  not  commonly 
collected  because  of  its  small  size  and  infrequent  collection  by  conventional  means  (see 
Remarks). 

Seasonal  Occurrence: 

Adults  have  been  collected  in  Illinois  from  15  May  through  7-14  September,  with  the 
greatest  number  of  specimens  taken  in  July  (Table  2). 

Remarks: 

Of  the  92  adult  specimens  seen  from  Illinois,  61  (66.3%)  are  in  the  EIUC.  Of  those  61 
specimens,  54  (88.5%)  have  been  collected  since  1990.  Malaise  trapping  yielded  41 
specimens  (75.9%),  yellow  sticky  traps  yielded  10  specimens  (18.5%)  and  manual 
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collecting  yielded  only  three  3  specimens  (5.6%)  (Table  1).  More  extensive  Malaise 
trapping  in  forested  areas  throughout  the  state  would  probably  add  substantially  to  the 
Illinois  county  records. 

The  immatures  of  this  species  have  not  been  described. 

Material  Examined: 

We  examined  181  specimens  of  B.  decempustulata ,  92  of  which  were  from  Illinois.  IL, 
(1  INHS);  Clark  Co.,  5mi  S.E.  Casey,  21  Aug  1994  (1  EIUC);  Rocky  Branch,  8-20  Aug 
1987  (2  EIUC),  16-21  July  1989  (1  EIUC),  11-18  June  1990  (1  EIUC),  18-25  June  1990 
(1  EIUC),  15  July-4  Aug  1990  (1  EIUC),  7-14  Sept  1990  (1  EIUC),  13-24  June  1991  (1 
EIUC),  30  June-7  July  1991  (1  EIUC),  7-14  July  1991  (1  EIUC),  14-21  July  1991  (1 
EIUC),  30  July-8  Aug  1991  (1  EIUC),  8-19  Aug  1991  (1  EIUC),  9-27  Aug  1993  (1 
EIUC),  9  July  1994  (1  EIUC),  8-12  July  1994  (3  EIUC),  15-29  July  1994  (1  EIUC); 
Coles  Co.,  14  June  1965  (1  EIUC);  Fox  Ridge  St.  Pk.,  13-20  July  1992  (1  EIUC),  17-24 
July  1993  (1  EIUC),  8  Aug  1993  (1  EIUC),  24  July-1  Aug  1994  (3  EIUC),  1-7  Aug  1994 
(2  EIUC),  21-28  Aug  1994  (1  EIUC);  Cook  Co.,  Palos  Park,  15  July  1908  (7  FMNH),  26 
Aug  1910  (8  UMMZ),  25  Aug  1912  (1  UMMZ),  19  June  1916(1  UMMZ);  Cumberland 
Co.,  Roslyn,  7  July  1950  (1  INHS);  woods  8mi  W.  Toledo,  3  July  1932  (4  EIUC),  15 
July  1932  (1  EIUC);  Edgar  Co.,  4mi  S.S.E..  Kansas,  10-17  July  1994  (1  EIUC),  28  Jul-4 
Aug  2000  (1  EIUC),  25  Aug-1  Sept  2000  (1  EIUC);  Jackson  Co.,  7mi  W.  Carbondale, 
19-26  June  1993  (1  EIUC),  26  June-3  July  1993  (1  EIUC),  3-11  July  1993  (4  EIUC),  1-8 
Aug  1993  (3  EIUC),  8-15  Aug  1993  (2  EIUC),  28  Aug-5  Sept  1993  (1  EIUC);  Fountain 
Bluff,  15  May  1932  (1  INHS);  Jo  Daviess  Co.,  Apple  River  Canyon  St.  Pk.,  27  June 
1940  (4  INHS);  Peoria  Co.,  Peoria,  Detwailer  Pk.,  25  Aug  1960  (1  INHS);  Piatt  Co., 
Monticello,  1  Aug  1908  (1  INHS);  Union  Co.,  Pine  Hills,  3  July  1972  (1  SIUC),  5  July 
1974  (1  SIUC);  Vermilion  Co.,  Danville,  16  July  1930  (1  INHS);  Wabash  Co.,  3mi  S.E. 
Allendale,  8-18  July  1993  (2  EIUC);  Beall  Woods  Nat.  Pres.,  26  July-3  Aug  1995  (4 
EIUC),  3-10  Aug  1995  (1  EIUC),  17-24  Aug  1995  (1  EIUC),  20-27  June  1996  (1  EIUC), 
17-25  July  1996  (1  EIUC),  30  Aug-6  Sept  1996  (1  EIUC),  6-13  Sept  1996  (1  EIUC),  2- 
10  July  1997(1  EIUC). 


Brachiacantha  felina  (Fabricius) 


Diagnostic  Description: 

This  species  differs  from  other  Illinois  species  of  Brachiacantha  by:  having  five  large 
yellow  spots  on  each  elytron;  coarsely  punctured  elytral  surface,  with  the  punctures 
separated  by  the  diameter  of  a  puncture  or  less;  and  round  body  form.  Overall  length 
2.20-4.00  mm;  width  1.65-3.00  mm  (Fig.  6).  Male:  pronotum  black,  with  anterolateral 
angles  broadly  yellow  and  narrow  yellow  anterior  margin  with  yellow  extending  medially 
into  the  apical  margin  of  black  area.  Female;  pronotum  black  with  anterolateral  angles 
yellow;  pronotum  occasionally  with  narrow,  pale  yellow  anterior  margin  without 
extension  into  black  area. 

Distribution: 

Found  in  eastern  and  midwestem  United  States,  ranging  in  the  north  from  Massachusetts 
to  Minnesota,  in  the  south  from  North  Carolina  to  Oklahoma.  We  recorded  specimens 
from  28  Illinois  counties  ranging  throughout  the  state  (Fig.  1 1). 
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Seasonal  Occurrence: 

Adults  have  been  collected  in  Illinois  from  1  April  through  15-29  November,  with  the 
greatest  number  of  specimens  taken  in  May.  There  is  also  an  increase  in  the  number  of 
specimens  collected  during  September  and  October  (Table  2). 

Remarks: 

Of  the  109  adult  specimens  seen  from  Illinois,  37  (33.9%)  are  in  the  EIUC.  Twenty- 
seven  of  those  37  specimens  (73.0%)  have  been  collected  since  1990.  Of  these  27 
specimens,  15  (55.6%)  were  Malaise  trapped  and  12  (44.4%)  were  manually  collected 
(Table  1).  Seven  specimens  originally  placed  as  B.  rotunda  are  included  here  (see 
Discussion  for  explanation  of  this  synonymy). 

The  immatures  of  this  species  have  not  been  described. 

Material  Examined: 

We  examined  561  specimens  of  B.  felina ,  109  of  which  were  from  Illinois.  IL,  (1 
FMNH),  (3  INHS);  N.  IL,  (1  WSUC),  (3  WSUC);  S.  IL,  7-6-1890  (1  UMRM);  Adams 
Co.,  Quincy,  30  June  1951  (1  INHS);  Alexander  Co.,  Olive  Branch,  29  Sept  1909  (2 
FMNH),  30  Sept  1909  (1  FMNH);  Champaign  Co.,  Champaign,  1  April  1957  (1  INHS), 
13  July  1975  (1  INHS);  Clark  Co.,  Marshall,  18  May  1941  (1  EIUC);  Rocky  Branch,  15- 
29  Nov  1992  (1  EIUC);  Coles  Co.,  10  Oct  1966  (1  EIUC),  15  June  1972  (1  UADE),  12 
Oct  1985  (1  EIUC);  Charleston,  2  Oct  1951  (1  EIUC);  Diona,  12  June  1935  (1  EIUC); 
Fox  Ridge  St.  Pk.,  13  May  1944  (1  EIUC),  5-12  Oct  1992  (1  EIUC);  Salisbury,  28  April 
1933  (1  EIUC),  28  April  1935  (1  EIUC);  Cook  Co.,  Chicago,  July  (1  UWEM);  Palos 
Park,  3  May  1907  (3  FMNH),  26  Aug  1910  (2  UMMZ),  14  May  1911  (1  FMNH),  28 
May  1922  (2  UMMZ);  Riverside,  6/10.1915  (1  UMMZ),  13  June  1916  (1  UMMZ); 
Willow  Springs,  14  Sept  1906  (1  FMNH),  14  July  1912  (1  FMNH);  Cumberland  Co., 
2mi  W.  Toledo,  29  Sept-6  Oct  1991  (2  EIUC),  26  Oct-3  Nov  1991  (1  EIUC),  2  May  1993 
(1  EIUC),  23  May  1993  (1  EIUC),  25  May  1996  (1  EIUC);  woods  8mi  W.  Toledo,  3  July 
1932  (1  EIUC);  Du  Page  Co.,  19  May  1990  (1  EIUC);  Green  Valley  F.  P.,  19-26  April 
1996  (1  EIUC),  17-24  May  1996  (2  EIUC);  Edgar  Co.,  4mi  S.S.E.  Kansas,  17  April 
1994  (2  EIUC),  24  April  1994  (3  EIUC),  29  May-5  June  1994  (1  EIUC),  25  Sept-2  Oct 
1994  (1  EIUC),  2-9  Oct  1994  (2  EIUC),  9-16  Oct  1994  (1  EIUC),  16  Oct  1994  (1  EIUC), 
16-30  Oct  1994  (1  EIUC),  29  Sept-6  Oct  2000  (1  EIUC);  Effingham  Co.,  Atamont,  5 
May  1943  (1  INHS),  Funkhauser,  21  May  1950  (3  INHS);  Hancock  Co.,  A.  L.  Kibbe 
Life  Sci.  Sta.,  19  May  1980  (1  WIUC),  3  June  1980  (1  WIUC);  Hardin  Co., 
Elizabethtown,  27-31  May  1931  (1  INHS),  27-31  May  1932  (2  INHS);  near  Tower  Rock 
Rec.  Area,  26  June  1994  (1  EIUC);  Jackson  Co.,  Carbondale,  2  May  1958  (1  SIUC),  23 
May  1962  (1  SIUC);  De  Soto,  5-10-1957  (1  SIUC);  Jo  Daviess  Co.,  Apple  River  Canyon 
St.  Pk.,  23  Aug  1939  (1  INHS);  Johnson  Co.,  Grantsburg,  20  June  1940  (1  INHS); 
Ozark,  18  May  1932  (1  INHS);  Vienna,  18  May  1932  (1  INHS);  Kane  Co.,  Elbum,  19 
May  1944  (1  INHS);  La  Salle  Co.,  Starved  Rock,  8-10-1924  (1  FMNH);  Macon  Co.,  1 
May  1980  (1  PESC);  Mason  Co.,  Havana,  31  May  1933  (1  INHS);  McHenry  Co., 
Algonquin,  (3  INHS);  McHenry,  25  June  1898  (1  WSUC);  Ogle  Co.,  Castle  Rock,  Grand 
Detour,  2  July  1932  (1  INHS);  Peoria  Co.,  Peoria,  Bradley  Park,  17  July  1942  (1  INHS); 
Piatt  Co.,  Monticello,  22  Sept  1934  (1  INHS),  12  May  1947  (1  INHS);  Pope  Co., 
Eddyville,  16  May  1947  (1  INHS);  Herod,  18  April  1944  (2  INHS);  Lusk  Creek,  12  Oct 
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1967  (1  SIUC);  Pulaski  Co.,  Mounds,  28  May  1957  (1  SIUC),  30  July  1957  (1  SIUC); 
Pulaski,  31  May  1909  (1  INHS);  Putnam  Co.,  5  June  1932  (1  INHS),  24  June  1932  (1 
INHS);  Union  Co.,  Giant  City  St.  Pk.,  5  June  1931  (1  EIUC),  5-7-1971  (1  SIUC);  Pine 
Hills,  10-8-1955  (1  SIUC),  11  Sept  1966  (1  SIUC),  25  May  1973  (1  SIUC),  7  May  1975 
(1  SIUC),  6  May  1977  (1  SIUC);  Vermilion  Co.,  12  Sept  1993  (1  EIUC). 

Brachiacantha  quadripunctata  quadripunctata  (Melsheimer) 

Diagnostic  Description: 

This  species  differs  from  all  other  North  American  species  of  Brachiacantha  by:  having 
two  yellow  spots,  one  apical  and  one  basal,  on  each  elytron;  a  coarsely  punctured  elytral 
surface  with  punctures  separated  by  the  diameter  of  a  puncture  or  less;  and  round  body 
form.  Overall  length  2.50-4.40  mm;  width  2.00-3.40  mm  (Fig.  7).  Male:  pronotum 
black,  with  anterolateral  angles  broadly  yellow  and  wide  yellow  anterior  margin  with  the 
yellow  extending  medially  into  the  apical  margin  of  black  area;  an  additional  humeral 
spot  often  confluent  with  basal  spot  on  each  elytron.  Female:  pronotum  black,  with  only 
the  anterolateral  angles  yellow. 

Distribution: 

Found  in  eastern  and  midwestem  United  States,  ranging  in  the  north  from  Massachusetts 
to  Wisconsin,  in  the  south  from  Virginia  to  Arkansas  and  Kansas.  We  recorded 
specimens  from  18  Illinois  counties  ranging  throughout  the  state  (Fig.  12). 

Seasonal  Occurrence: 

Adults  have  been  collected  in  Illinois  from  9  April  through  13  November,  with  the 
greatest  number  of  specimens  captured  in  May  and  June.  There  is  also  a  small  increase 
in  the  number  of  specimens  collected  in  October  (Table  2). 

Remarks: 

Of  the  93  specimens  seen  from  Illinois,  59  (63.4%)  are  in  the  EIUC.  Of  those  59 
specimens,  57  (96.6%)  have  been  collected  since  1990.  Of  these  57  specimens,  Malaise 
trapping  yielded  38  specimens  (66.7%),  conventional  manual  collecting  yielded  16 
specimens  (28.1%),  and  yellow  sticky  traps  yielded  only  three  specimens  (5.3%)  (Table 
1). 

Wheeler  (1911)  collected  ten  larvae  of  this  species  from  nests  of  the  ant  Lasius  umbratus 
var.  aphidicola  in  the  vicinity  of  Great  Blue  Hill  near  Boston,  Massachusetts.  He 
described  these  larvae  as  moving  slowly  or  resting  among  the  root-coccids  and  root- 
aphids  abundant  in  these  ants’  nests.  The  larvae  were  covered  by  waxy  tufts  and 
measured  overall  about  10  mm  in  length.  The  body  was  6-7  mm  long  with  a  whitish  or 
pinkish-yellow  color.  They  were  further  described  as  having  short,  feeble  legs,  a  smaller 
head,  and  a  more  obese  body  than  common  coccinellid  larvae.  Larvae  of  this  species 
have  not  been  collected  since  that  time  and  a  more  complete  and  diagnostic  description  is 
needed. 

Blatchley  (1910),  reported  that  B.  q.  quadripunctata  adults  ”...  occur  especially  on  maple 
trees  infested  with  plant  lice." 
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Material  Examined: 

We  examined  174  specimens  of  B.  q.  quadripunctata,  93  of  which  were  from  Illinois. 
IL,  (4  FMNH),  (5  INHS);  N.  IL,  (1  WSUC);  S.  IL,  14  June  1896  (1  UMRM);  Clark 
Co.,  5 mi  S.E.  Casey,  19  May  1994  (1  EIUC),  7  Oct  1995  (2  EIUC);  Rocky  Branch,  1-7 
Sept  1988  (1  EIUC),  15  June  1989  (1  EIUC),  14-21  May  1990  (1  EIUC),  4-11  June  1990 
(1  EIUC),  12-19  May  1991  (3  EIUC),  19-27  May  1991  (4  EIUC),  27  May-2  June  1991  (1 
EIUC),  2-13  June  1991  (5  EIUC),  24-30  June  1991  (1  EIUC),  14-21  July  1991  (1  EIUC), 

21- 30  July  1991  (1  EIUC),  10  May  1992  (1  EIUC),  1-8  May  1993  (2  EIUC),  8-16  May 
1993  (1  EIUC),  7  May  1995  (2  EIUC),  1  June  1996  (1  EIUC);  Coles  Co.,  16  June  1972 
(1  UADE);  Burgner  Acres,  30  June  1997  (7  EIUC);  Charleston,  EIU  campus,  21  Feb 

1995  (1  EIUC);  Fox  Ridge  St.  Pk.,  8-15  June  1992  (3  EIUC),  17-24  April  1993  (1  EIUC), 

22- 29  May  1993  (1  EIUC),  17-24  July  1994  (2  EIUC);  Cook  Co.,  Edgebrook,  24  Apr 
1911  (1  UMMZ);  Willow  Spgs.,  28  June  1903  (1  FMNH);  Cumberland  Co.,  2mi  W. 
Toledo,  2-8  July  1991  (1  EIUC);  Edgar  Co.,  4mi  S.S.E.  Kansas,  2-9  Oct  1994  (1  EIUC), 
16-30  Oct  1994  (1  EIUC),  13  Nov  1994  (1  EIUC);  21-29  Apr  1999  (1  EIUC),  30  June-7 
July  2000  (2  EIUC),  6-13  Oct  2000  (1  EIUC);  Hardin  Co.,  Tower  Rock  Rec.  Area,  25- 
26  June  1994  (1  EIUC);  Jackson  Co.,  Carbondale,  5-8-  1957  (1  SIUC),  12  May  1958  (1 
SIUC),  7-10-1958  (1  SIUC),  13  May  1962  (1  SIUC),  10  June  1962  (1  SIUC);  7mi  W. 
Carbondale,  12-19  June  1993  (2  EIUC),  19-26  June  1993  (1  EIUC);  Little  Grand  Canyon, 
9  April  1978  (1  SIUC);  Midland  Hills,  13  May  1972  (1  SIUC);  Jo  Daviess  Co.,  Apple 
River  Canyon  St.  Pk.,  27  June  1940  (1  INHS);  Macon  Co.,  N.W.  side  Decatur,  11  May 
1987  (1  PESC);  McDonough  Co.,  Macomb,  24  May  1972  (1  WIUC);  McHenry  Co., 
Algonquin,  (1  INHS);  Putnam  Co.,  4  July  1932  (1  INHS);  Saline  Co.,  Eldorado,  23  June 
1960  (1  SIUC);  St.  Clair  Co.,  Kahokia,  8-6-1903  (1  UMRM);  Union  Co.,  Pine  Hills,  6 
July  1972  (1  SIUC),  3  May  1987  (1  PESC);  Vermilion  Co.,  Forest  Glenn  Preserve,  5mi 
S.E.  Westville,  14-15  April  1977  (1  INHS),  19-20  April  1977  (1  INHS);  Wabash  Co., 
3mi  S.E.  Allendale,  25  Apr-2  May  1993  (1  EIUC);  Beall  Woods  Nat.  Pres.,  16-23  May 

1996  (1  EIUC),  23-30  May  1996  (1  EIUC);  Woodford  Co.,  Kappa,  15  June  1931  (1 
INHS). 


Brachiacantha  indubitabilis  Crotch 


Diagnostic  Description: 

This  species  differs  from  all  other  North  American  species  of  Brachiacantha  by:  having 
three  yellow  spots,  two  median  and  one  apical,  on  each  elytron;  long,  slender  spines  on 
prothoracic  tibiae;  and  oval  body  form.  Overall  length  2.50-3.20  mm;  width  1.80-2.60 
mm  (Fig.  8).  Male:  pronotum  black,  with  anterolateral  angles  broadly  yellow,  and  wide 
yellow  anterior  margin  with  yellow  prominently  extending  medially  into  apical  margin  of 
black  area.  Female:  pronotum  black  with  only  anterolateral  angles  yellow. 

Distribution: 

Found  in  eastern  and  midwestem  United  States,  ranging  in  the  north  from  New 
Hampshire  to  Minnesota,  in  the  south  from  North  Carolina  to  Tennessee.  We  saw  no 
specimens  of  this  species  from  Illinois.  Although  Gordon  (1985),  shows  B.  indubitabilis 
occurring  in  the  northern  4/5  of  the  state,  the  only  Illinois  record  is  the  lectotype  in  the 
LeConte  Collection,  which  bears  no  collection  data  other  than  Illinois.  In  addition  we 
have  recorded  three  museum  specimens  from  Indiana. 
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Remarks: 

The  immatures  of  this  species  have  not  been  described. 

Material  Examined: 

We  examined  ten  specimens  of  B.  indubitabilis ,  none  of  which  were  from  Illinois. 

DISCUSSION 

Twenty-six  Brachiacantha  species  and  subspecies  were  recognized  as  occurring  in 
America  north  of  Mexico  by  Gordon  (1985).  We  are  reducing  the  number  of 
Brachiacantha  species  and  subspecies  to  25  by  placing  B.  rotunda  in  synonymy  with  B. 
felina  (see  later  discussion).  Questions  of  synonymy  and  species  status  may  further 
change  this  number  when  this  genus  is  more  fully  studied  nationally. 

The  focus  of  this  study  is  the  six  Brachiacantha  species  with  ranges  which  include 
Illinois.  These  species  are  B.  dentipes ,  B.  ursina ,  B.  decempustulata,  B.  felina ,  B.  q. 
quadripunctata  and  B.  indubitabilis. 

Adults  of  four  of  the  six  Brachiacantha  species  known  to  occur  in  Illinois  were  collected 
by  the  authors  during  this  study.  These  species  are  B.  ursina ,  B.  decempustulata ,  B. 
felina ,  and  B.  q.  quadripunctata.  Specimens  of  B.  dentipes  and  B.  indubitabilis  were  not 
collected.  Only  two  specimens  of  B.  dentipes  from  Illinois  were  seen  among  the  museum 
specimens  examined.  No  specimens  of  B.  indubitabilis  from  Illinois  are  known  other 
than  the  lectotype  designated  by  Gordon  (1985)  in  the  LeConte  Collection. 

In  our  Illinois  collecting  Malaise  trapping  was  the  most  successful  technique  to  collect 
Brachiacantha  species.  Of  146  adult  Brachiacantha  of  all  species  collected  by  us  in 
Illinois  since  1990,  94  (64.4%)  were  collected  in  Malaise  traps  (Table  1).  Malaise  traps 
are  light-weight  interception  traps  that  are  useful  for  obtaining  insects  for  faunal  surveys, 
relative  abundance  studies  and  several  other  types  of  studies  (Powell,  et  al.  1996).  Adult 
specimens  of  three  species  of  Brachiacantha  were  collected  by  Malaise  trapping. 
Brachiacantha  decempustulata ,  B.  felina  and  B.  q.  quadripunctata  were  most  commonly 
collected  by  this  method  (Table  1).  Malaise  traps  offer  an  effective,  continuously 
operating  technique  for  collecting  arthropods.  However,  they  do  not  trap  all  species  of 
some  taxonomic  groups  equally  well  (Goodrich  1997).  We  note  that  B.  ursina  was  never 
taken  in  a  Malaise  trap  during  the  course  of  this  study,  although  this  is  the  most  common 
Illinois  species  of  Brachiacantha,  when  all  insect  collections  we  examined  are 
considered.  The  location  of  Malaise  traps  may  have  affected  collecting  B.  ursina  by  this 
method.  Malaise  traps  used  in  our  Illinois  collecting  were  located  in  interior  forest 
habitats.  Brachiacantha  ursina  may  have  a  different  microhabitat  preference  (see  later 
comments). 

Manual  collecting  (sweep  netting  and  visual  inspection  of  plant  material)  was  the  second 
most  successful  collecting  method  for  Illinois  adult  Brachiacantha.  Of  a  total  of  146 
Brachiacantha  of  all  species  taken  in  Illinois  since  1990,  39  (26.7%)  were  manually 
collected.  Manual  collecting  was  the  only  collecting  method  which  yielded  specimens  of 
all  four  Brachiacantha  species  collected  in  Illinois  by  us  since  1990  (Table  1).  This 
procedure  was  the  only  method  by  which  we  collected  B.  ursina ;  producing  all  eight 
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specimens  taken  by  us  in  Illinois  since  1990,  all  collected  from  the  same  Cumberland 
County  location.  This  is  despite  extensive  collecting,  using  several  collecting  methods, 
in  many  other  Illinois  locations. 

Two  species,  B.  decempustulata  and  B.  q.  quadripunctata ,  were  collected  on  yellow 
sticky  traps  (Table  1).  These  traps  were  used  during  July  and  August  of  1994  only, 
which  may  have  biased  their  effectiveness.  Two  of  the  most  common  species,  B.  ursina 
and  B.  felina ,  are  most  often  collected  during  May  and  June  and  could  have  been  missed 
by  the  timing  of  this  method.  Brachiacantha  ursina  has  been  collected  in  Michigan  using 
this  collecting  method  (Maredia,  et  al.  1992). 

Cleaning  the  sticky  material,  usually  polyisobutylene  (PIB),  from  specimens  in  the 
laboratory  proved  to  be  a  problem.  Following  techniques  tested  by  Miller,  et  al.  (1993), 
we  also  found  citrus  oil  (Durkee  lemon  extract)  to  be  a  relatively  effective  removal  agent, 
usually  removing  the  PIB  within  a  24  to  48  hour  immersion  period.  Some  heavily  coated 
specimens  required  a  final  immersion  in  xylene,  up  to  48  hours,  to  remove  the  majority  of 
the  PIB.  Even  after  these  two  treatments  some  PIB  remained  on  some  specimens,  but 
this  did  not  interfere  with  identifications. 

Pitfall  traps  are  commonly  used  to  sample  ground-dwelling  arthropods  and  usually 
provide  reliable  data  for  presence/absence  studies  (Powell,  et  al.  1996).  U-V  light  traps 
collect  light  attracted  nocturnal  insects  of  many  species  and  often  in  great  numbers. 
Neither  of  these  collecting  methods  yielded  adult  specimens  of  Brachiacantha ,  although 
these  collecting  strategies  were  extensively  pursued  in  wooded  habitats  in  this  and  related 
studies. 

In  our  Illinois  collecting  we  were  not  able  to  associate  adult  Brachiacantha  species  with 
any  specific  host  plants  or  insects.  The  only  published  plant  references  and  insect  hosts 
for  adult  Brachiacantha  are  from  Blatchley  (1910).  He  reported  B.  ursina  as  occurring 
on  common  milkweed,  but  gives  no  further  account  of  what  the  insect  was  doing  there. 
He  also  reported  B.  q.  quadripunctata  as  occurring  on  maple  trees  infested  with  plant  lice 
(aphids).  We  did  see  a  single  specimen  of  B.  ursina  from  Missouri  labeled  "aphids  on 
Canadian  thistle."  Data  from  the  museum  specimens  examined  included  some  references 
to  various  forest  trees  and  shrubs.  Two  species,  B.  ursina  and  B.  felina,  are  also  reported 
from  various  grasses  and  legumes.  This  supports  our  hypothesis  that  Brachiacantha  are 
forest  species,  but  also  suggests  that  the  latter  two  species  may  be  edge  species. 
Additional  support  for  this  speculation  comes  from  examination  of  a  large  number  of 
specimens  from  Missouri.  We  examined  165  specimens  of  B.  felina  collected  by  Malaise 
trap  between  17  May  and  14  August  1968  at  Tucker  Prairie,  Callaway  County,  Missouri. 

The  only  known  Brachiacantha  species  for  which  larval  descriptions  exist,  B.  ursina  and 
B.  q.  quadripunctata ,  were  both  found  in  ant  nests  (Smith  1886,  Wheeler  1911).  Mann 
(1911)  also  describes  what  may  be  Brachiacantha  larvae  in  an  ant  nest.  The 
Brachiacantha  larvae  collected  and  described  from  ant  nests,  B.  ursina  and  B.  q. 
quadripunctata ,  were  both  found  in  nests  of  the  ant  genus  Lasius.  The  larvae  reported  by 
Mann  (1911)  were  found  in  a  nest  of  the  ant  genus  Formica.  Species  of  both  of  these  ant 
genera  are  represented  in  the  Illinois  fauna  (DuBois  and  LaBerge  1988)  and  may  have 
species  of  Brachiacantha  associated  with  them.  Because  the  larvae  of  these 
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Brachiacantha  species  were  found  in  ant  nests  they  are  considered  myrmecophilous. 
Myrmecophiles  are  organisms  which  must  spend  at  least  part  of  their  life  cycle  with  ant 
colonies  (Nichols  1989).  Other  Brachiacantha  species  may  also  eventually  be  found  to 
be  myrmecophiles  as  larvae.  This  relationship  is  recognized  for  other  Coccinellidae 
(Chapin  1966,  MacKay  1983)  and  many  other  Coleoptera  (Schwarz  1890,  Mann  1911, 
Borror,  et  al.  1981,  MacKay  1983).  These  relationships  are  reported  with  many  different 
species  of  ants  (Smith  1886,  Schwarz  1890,  Mann  1911,  MacKay  1983). 

The  nature  of  Brachiacantha-ant  associations  is  not  well  understood.  The  evolutionary 
basis  is  probably  similar  to  that  suggested  for  other  insect  species,  that  is  selection  for 
enemy  free  space  (Way  1963,  Atsatt  1981,  Cushman  and  Whitman  1989),  access  to  food 
(Fielder  and  Maschwitz  1989,  Paulson  and  Akre  1994)  and/or  shelter  from  adverse 
conditions  (Way  1963).  In  return  the  ants  may  receive  additional  food  (Fielder  and 
Maschwitz  1989,  Way  1963)  by  feeding  on  the  waxy  secretion  covering  the 
Brachiacantha  larva's  body,  as  suggested  by  Smith  (1886).  This  relationship  is  probably 
mediated  by  the  Brachiacantha  larva's  ability  to  use  the  chemical  and  mechanical 
language  of  the  host  ant  (Holldobler  1971). 

In  his  comprehensive  treatment  of  the  North  American  Coccinellidae,  Gordon  (1985) 
describes  the  new  species  B.  rotunda  and  distinguishes  it  from  B.  ursina.  We  can  easily 
separate  this  form  from  B.  ursina ,  but  cannot  distinguish  it  from  B.  felina ,  except  on  the 
basis  of  size.  Gordon  (pers.  comm.)  acknowledges  this  difficulty.  In  examining  230 
Illinois  and  Missouri  specimens,  we  found  that  the  size  range  from  the  smallest  B.  felina 
to  the  largest  B.  rotunda  was  continuous  and  the  specimens  were  otherwise 
morphologically  indistinguishable.  To  further  illustrate,  we  examined  a  series  of  three 
female  specimens  from  Palos  Park,  Cook  County,  Illinois  with  identical  collection  data 
which  span  the  size  range  from  B.  felina  through  B.  rotunda.  We  have  also  identified 
series  of  specimens  spanning  this  size  range  from  two  other  Illinois  sites  and  three  sites  in 
Missouri.  We  have  therefore  placed  B.  rotunda  into  synonymy  with  B.  felina. 

Considerable  research  remains  to  be  done  to  more  fully  understand  the  biology  of  the 
species  of  Brachiacantha  including  more  complete  descriptions  of  immatures  of  all 
Brachiacantha  species,  investigation  of  the  myrmecophilous  relationships  of  the 
Brachiacantha  species  and  determination  of  the  prey  species  fed  upon  by  larval  and  adult 
Brachiacantha. 
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Figures  1-2.  Prothoracic  tibiae  of  Brachiacantha  species  (after  Gordon  1985). 

1 .  Spine  and  arcuate  flange  of  B.  dentipes  (Fabricius). 

2.  Spine  and  groove  of  other  Illinois  species. 


Figures  3-4.  Dorsal  habitus  of  Brachiacantha  species. 

3.  B.  dentipes  (Fabricius).  4.  B.  ursina  (Fabricius). 
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Figures  5-8.  Dorsal  habitus  of  Brachiacantha  species. 

5.  B.  decempustulata  (Melsheimer).  6.  B.  felina  (Fabricius). 

7.  B.  q.  quadripunctata  (Melsheimer).  8.  B.  indubitabilis  Crotch. 
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Figures  9-12.  Illinois  distribution  maps  of  Brachiacantha  species  for  which  we  have 
numerous  records. 

9.  B.  ursina  (Fabricius).  10.  B.  decempustulata  (Melsheimer). 
11.2?.  felina  (Fabricius).  12.  B.  q.  quadripunctata  (Melsheimer). 
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Table  1 .  Collecting  methods  and  number  of  Brachiacantha  specimens  collected  by  us  in 
Illinois  since  1990. 


Species 

Malaise 

trap 

Manual 

collecting 

Sticky 

trap 

Total 

B.  ursina 

0 

8 

0 

8 

B.  decempustulata 

41 

3 

10 

54 

B.  felina 

15 

12 

0 

27 

B.  q.  quadripunctata 

38 

16 

3 

57 

Total 

94 

39 

13 

146 

Table  2.  Seasonal  occurrence  and  number  of  specimens  examined  of  Brachiacantha 
species  in  Illinois  for  which  seasonal  data  are  available. 


Species  Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Total 

B.  ursina  1 

14 

17 

71 

17 

1 

2 

1 

124 

B.  decempustulata 

1 

12 

44 

29 

4 

90 

B.  felina 

11 

35 

10 

6 

3 

8 

13 

1 

87 

B.  q.  quadripunctata 

7 

25 

30 

9 

1 

5 

1 

78 
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ABSTRACT 

We  used  a  drift  fence/drop  can  array  during  two  years  to  examine  the  effect  of  hydrope¬ 
riod  on  juvenile  recruitment  in  four  species  of  mole  salamanders  ( Ambystoma ).  In  a  long 
hydroperiod  year,  size  at  metamorphosis  was  negatively  correlated  with  day  of  emigra¬ 
tion  suggesting  that  salamander  larvae  inhabiting  ephemeral  ponds  can  take  advantage  of 
rare,  long  hydroperiod  conditions.  Abundance  of  metamorphs  declined  for  polyploids  in 
the  long  hydroperiod  year,  but  increased  for  the  other  species.  Average  size  at  metamor¬ 
phosis,  species  diversity,  and  species  equitability  were  greater  in  the  long  hydroperiod 
year. 


INTRODUCTION 

Many  amphibian  species  breed  in  ephemeral  ponds  that  undergo  daily  fluctuations  in 
water  level  and  annual  changes  in  hydroperiod.  Ephemeral  ponds  present  a  trade-off 
between  an  environment  free  of  predatory  fish  and  a  stochastic  risk  of  larval  mortality 
due  to  desiccation.  Some  amphibians  such  as  Scaphiopus  hammondi  balance  this  trade¬ 
off  with  the  adaptations  of  a  shorter  developmental  period  and  accelerated  metamorpho¬ 
sis  in  response  to  pond  dessication  (Denver  et  al.,  1998).  Anuran  species  such  as  Hyla 
cinerea,  H.  gratisoa,  and  Rana  species,  apparently  lack  these  adaptations  and  either  fail 
to  recruit  metamorphs  from  temporary  ponds  or  suffer  local  extinctions  after  rapid  drying 
events  (Leips  et  al.,  2000;  Skelly,  1997). 
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Degree  of  pond  permanence  can  affect  both  individual  traits  and  community  composition. 
At  the  individual  level,  models  of  amphibian  transformation  predict  metamorphosis  will 
occur  between  a  minimum  and  maximum  body  size  (Wilbur  and  Collins,  1973;  Werner, 
1986).  In  permanent  ponds,  larvae  should  remain  until  they  attain  the  species  specific 
maximum  size  for  metamorphosis  because  a  larger  size  is  thought  to  be  optimal  for  a 
reduction  in  predation  (Werner,  1986),  a  reduced  probability  of  desiccation  (Spight, 
1968;  Licht  and  Bogart,  1990),  a  reduced  time  to  reach  sexual  maturity  (Semlitsch  et  al., 
1988),  and  increased  female  fecundity  (Semlitsch,  1987a;  Semlitsch  et  al.,  1988).  With 
all  individuals  transforming  at  or  near  an  optimal  size,  there  should  be  no  relationship 
between  size  and  date  of  metamorphosis.  In  ephemeral  ponds,  models  predict  that  timing 
of  metamorphosis  is  determined  by  the  recent  growth  history  of  individual  larvae  (Wilbur 
and  Collins,  1973).  When  the  hydroperiod  is  shorter,  fast-growing  larvae  should  trans¬ 
form  earlier  and  closer  to  the  optimal  size  whereas  slow-growing  larvae  should  transform 
later  and  closer  to  the  minimum  size.  If  this  prediction  holds,  the  result  should  be  a 
negative  relationship  between  size  and  date  of  metamorphosis.  However,  the  models  do 
not  adequately  account  for  the  timing  of  metamorphosis  in  ephemeral  ponds  during  rare, 
long  hydroperiod  years.  If  larvae  are  able  to  respond  to  the  increased  period,  they  should 
all  transform  at  or  near  the  optimal  size  (just  as  in  a  permanent  pond)  resulting  in  no  rela¬ 
tionship  between  size  and  date  of  metamorphosis. 

Other  predictions  concerning  the  effects  of  hydroperiod  are  more  straightforward.  For 
example,  both  the  abundance  and  size  of  metamorphs  should  increase  with  increased 
hydroperiod  (Rowe  and  Dunson,  1995).  They  tested  these  predictions  using  A.  macula- 
tum  and  A.  jeffersonianum  in  84-day  and  158-day  hydroperiod  treatments.  Because  no 
larvae  metamorphosed  in  the  84-day  treatments,  this  can  be  interpreted  as  support  for 
both  hypotheses.  At  the  community  level,  extended  hydroperiod  should  result  in 
increased  species  diversity  of  amphibian  larvae  because  the  extra  time  allows  transfor¬ 
mation  of  species  that  breed  later  in  the  season.  Data  from  ephemeral  ponds  in  South 
Carolina  support  these  relationships  (Semlitsch,  1987b;  Pechmann  et  al.,  1989).  In  Rain¬ 
bow  Bay,  South  Carolina,  the  number  of  amphibian  species  metamorphosing  was  signifi¬ 
cantly  related  to  the  length  of  the  hydroperiod  (Semlitsch  et  al.,  1996) 

We  examined  the  recruitment  of  four  species  of  mole  salamanders  (genus  Ambystoma ) 
from  an  ephemeral  pond  in  Illinois  in  two  years  with  different  hydroperiods.  We  com¬ 
pared  the  following  parameters  between  the  two  years:  1)  the  relationship  between  size  of 
metamorphs  and  date  of  metamorphosis  (polyploids  only),  2)  mean  metamorph  size,  3) 
abundance  of  metamorphs,  and  4)  species  diversity  and  equitability  of  metamorphs. 

MATERIALS  AND  METHODS 


Study  Site 

The  study  site  consisted  of  a  ridge-top  basin  bordered  by  mesic  forest  in  Kickapoo  State 
Park  (KSP),  Vermilion  County,  Illinois,  USA.  The  basin  was  circular,  approximately  30 
m  in  diameter,  and  filled  only  after  heavy  rains,  usually  in  late  winter  and  spring.  It  typi¬ 
cally  retained  water  from  late  winter  until  mid-June  but  on  several  occasions  over  the  past 
20  years,  it  retained  water  year-round  (Morris,  1981;  pers.  obs.).  The  basin  was  sur¬ 
rounded  with  a  drift  fence  40  cm  high  constructed  of  aluminum  window  screening  that 
was  buried  a  few  cm  in  the  ground.  We  placed  drop-cans  at  4.4  m  intervals  along  the 
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inside  and  outside  of  the  127  m  circumference  fence.  Plywood  covers  that  allowed  sala¬ 
manders  to  enter,  but  discouraged  predators  from  removing  captured  metamorphs,  were 
placed  over  the  drop-cans. 

Study  Organisms 

Four  species  of  ambystomatid  salamanders  breed  in  the  ephemeral  pond  at  the  study  site: 
the  fall  breeding  marbled  salamander,  Ambystoma  opacum,  and  the  spring  breeding 
spotted  salamander,  A.  maculatum,  smallmouth  salamander,  A.  texanum,  and  unisexual 
polyploid  members  of  the  A.  jeffersonianum  complex.  This  complex  consists  of  two 
diploid  parental  species,  A.  jeffersonianum  and  A.  laterale ,  and  two  triploid  clonal  species 
that  arose  through  hybridization  of  the  parental  genomes  (Uzzell,  1964).  Two  sets  of 
chromosomes  from  A.  jeffersonianum  are  present  in  A.  platineum  whereas  A.  tremblayi 
has  two  set  of  chromosomes  from  A.  laterale  (Uzzell,  1964).  The  triploid  hybrids  repro¬ 
duce  gynogenetically,  using  the  sperm  of  one  of  the  parental  species  to  trigger  embryonic 
cleavage.  No  genetic  material  is  normally  contributed  by  the  parental  species  (Macgre- 
gor  and  Uzzell,  1964).  Some  populations  of  A.  platineum  ,  such  as  the  one  in  this  study, 
exist  outside  of  the  range  of  either  parental  species  and  have  adapted  to  parasitize  another 
species  of  mole  salamander,  A.  texanum.  These  A.  texanum- dependent  populations  vary 
in  ploidy  composition,  with  some  containing  tetraploids  and  pentaploids  resulting  from 
fertilization  of  A.  platineum  triploid  eggs  with  A.  texanum  sperm  (Spolsky  et  al.,  1992). 
The  polyploids  at  KSP  include  the  triploid  A.  platineum  and  tetraploid  and  pentaploid 
females  (Phillips  et  al.,  1997).  In  this  study,  no  attempt  was  made  to  distinguish  between 
these  ploidy  classes  and  they  will  be  collectively  referred  to  as  polyploids. 

The  study  site  is  the  only  known  breeding  location  for  members  of  the  A.  jeffersonianum 
species  complex  in  Illinois.  Members  of  this  complex  are  listed  as  endangered  in  Illinois 
and  an  accurate  estimate  of  recruitment  over  several  years  is  needed  to  establish  a  long¬ 
term  management  plan  for  the  salamanders  and  the  surrounding  forest,  specifically  as 
pertains  to  hyroperiod. 

Procedures 

In  1997,  drop-cans  were  checked  daily  from  24  June  to  22  July,  except  on  28  June,  and  4, 
5,  13,  16,  19,  and  20  July.  In  1998,  drop-cans  were  checked  at  least  every  third  day  from 
21  April  to  13  August,  1998.  During  all  visits,  the  depth  and  area  of  the  pond  were 
recorded  and  during  the  last  visit  in  1998,  the  pond  was  seined  for  1  hour.  For  all  meta¬ 
morphs,  snout  to  posterior  end  of  vent  (SVL)  and  total  length  (TL)  were  measured  to  the 
nearest  mm  with  a  plastic  ruler.  Tail  injuries  were  noted  and  species  were  identified  by 
gross  morphological  characteristics  such  as  head  width,  body  coloration,  and  size.  Identi¬ 
fications  were  verified  by  measuring  red  blood  cell  (RBC)  area  and  internarial  distance 
(IND)  on  a  subset  of  the  total  captures.  Both  of  these  measurements  have  been  used  to 
successfully  distinguish  members  of  the  A.  jeffersonianum  complex  from  the  morpho¬ 
logically  similar  A.  texanum  (Spolsky  et  al.,  1992;  Uzzell,  1964).  RBC  area  was  recorded 
for  each  individual  as  the  average  of  ten  cells  from  a  dried  blood  smear  using  a  light 
microscope  at  400x  (Uzzell,  1964).  IND  was  measured  to  the  nearest  0.1  mm  using  a 
dissecting  microscope  and  plotted  against  SVL  (Spolsky  et  al.,  1992). 
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Analysis 

We  tested  the  relationship  between  size  of  metamorphs  and  date  of  metamorphosis  using 
linear  regression.  In  the  first  analysis,  the  independent  variable  was  the  number  of  days 
since  the  first  metamorphs  emerged,  excluding  days  on  which  no  emigration  occurred.  In 
the  second  analysis,  all  days  were  used  to  determine  the  independent  variable.  These  two 
methods  did  not  yield  different  relationships,  so  only  the  results  of  the  second  method 
will  be  presented,  We  examined  differences  in  size  of  metamorphs  between  years  for  all 
species  using  t-tests.  Abundance,  Shannon  Index  of  diversity,  and  equitability  were 
compared  directly. 


RESULTS 

Metamorphs  of  all  four  species  were  easily  recognized  by  external  morphological  char¬ 
acteristics.  Ambystoma  opacum  was  distinguished  by  dark  black  coloration  and  light  blue 
to  white  lateral  spots.  Polyploids  were  much  lighter  brown  with  yellow  spots  laterally  at 
the  base  of  their  necks,  long,  spindle-like  limbs,  and  long,  wide  snouts.  Ambystoma 
maculatum  were  similar  to  polyploids  but  with  shorter,  stouter  limbs,  yellow  to  white 
flecking  dorsally,  and  a  broad  snout.  Ambystoma  texanum  displayed  gray  coloration  with 
blue-gray  flecks,  short  limbs,  and  a  very  blunt  snout.  The  intemarial  distance  (IND)  and 
snout-vent  length  (SVL)  of  3  A.  texanum  metamorphs  and  10  polyploids  captured  in  1997 
separated  the  two  groups  of  juveniles  as  it  has  for  adults  of  these  species  (Spolsky  et  al. 
1992).  While  polyploids  were  easily  distinguished  from  other  Ambystoma ,  we  could  not 
identify  specific  ploidy  levels  using  external  characteristics  alone.  However,  RBC  area 
measurements  of  five  of  the  polyploid  metamorphs  averaged  906  /r,  well  within  the 
range  given  for  triploids  by  Phillips  et  al.  (1997)  and  Uzzell  (1964). 

In  1997,  the  hydroperiod  was  127  days  (2  March  -  8  July),  whereas  in  1998  the  hydrope¬ 
riod  was  greater  than  137  days  (29  March  -  beyond  13  August).  By  13  August  1998, 
there  had  been  no  emigrating  metamorphs  for  ten  days  and  after  exhaustive  seining  pro¬ 
duced  no  metamorphs  of  any  salamander  species,  the  fence  was  removed.  Day  of  emer¬ 
gence  is  a  significant  factor  in  explaining  the  variation  in  the  SVL  of  metamorphs  in  1997 
(r=  0.118;  p=0.001),  and  SVL  decreased  with  day  of  emergence,  as  predicted  (Figure 
la).  In  1998  there  was  no  relationship  between  SVL  and  day  of  emergence  (r=  0.001; 
p=0.84)  as  predicted  (Figure  lb). 

Average  size  for  each  species  (SVL  and  TL)  was  greater  in  1998  than  in  1997  (Table  1) 
according  to  our  prediction.  Because  some  A.  opacum  larvae  metamorphed  and  left  the 
pond  before  we  constructed  our  drift  fence,  we  omitted  them  from  the  abundance  and 
diversity  analyses.  From  1997  to  1998,  the  relative  abundance  of  A.  texanum  and  A. 
maculatum  metamorphs  increased  (0.9  to  18.8%  and  8.2  to  38.8%,  respectively).  The 
relative  abundance  of  polyploid  metamorphs  decreased  from  90.9%  in  1997  to  42.5%  in 
1998.  Species  diversity  increased  for  the  long  hydroperiod  year  (1997  =  0.336;  1998  = 
1.04)  as  predicted.  The  equitability  of  the  salamander  community  increased  dramatically 
from  0.306  in  1997  to  0.951  in  1998.  These  trends  are  due  both  to  the  increase  in  A.  tex¬ 
anum  and  A.  maculatum  metamorphs  and  the  decrease  in  polyploid  metamorphs  in  1998. 
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DISCUSSION 

The  negative  relationship  between  size  at  metamorphosis  and  time  of  metamorphosis  in 
the  short  hydroperiod  year  suggests  that  the  faster  growing  larvae  attained  optimum  size, 
but  the  others  could  only  reach  minimum  size,  at  best.  The  lack  of  relationship  in  1998 
indicates  that  all  larvae,  regardless  of  growth  rate,  metamorphosed  at  about  the  same  size, 
which  we  suggest  is  the  optimal  size  for  the  species.  The  difference  in  this  size/timing 
relationship  between  the  two  years  suggests  that  slower  growing  larvae  can  attain  the 
optimal  size  given  appropriate  time,  a  rather  straightforward  result.  Similar  results  have 
been  observed  for  A.  talpoideum  (Semlitsch  et  al.,  1988).  Some  species  of  amphibians, 
such  as  Hyla  cinerea  and  H.  gratiosa,  appear  to  lack  adaptations  to  drying  ponds  (Leips 
et  al.,  2000).  This  is  consistent  with  the  idea  that  there  is  an  optimal  size  at  metamorpho¬ 
sis  (related  to  adult  fitness)  and  there  is  intense  selection  pressure  to  reach  that  size 
(Wilbur  and  Collins,  1973). 

Larvae  of  all  species  in  this  study  metamorphosed  at  a  smaller  average  size  in  1997  com¬ 
pared  to  1998.  Again,  this  result  is  quite  intuitive  and  straightforward.  Overall,  the 
lengths  we  recorded  for  newly  metamorphosed  ambystomatids  were  similar  to  those 
reported  in  the  literature  (see  Petranka,  1998  for  references).  The  exception  was  our  1997 
A.  maculatum  metamorphs,  which  were  much  smaller  than  previously  reported.  This  was 
undoubtedly  caused  by  the  early  drying  of  the  pond  in  that  year.  Throughout  much  of 
their  range,  A.  maculatum  adults  are  preceded  in  breeding  by  other  members  of  the  genus 
by  a  week  or  more  (Mohr,  1930;  Bishop,  1941;  Cook,  1967;  Nyman,  1991).  A  study  on 
two  vernal  ponds  in  New  Jersey  revealed  that  A.  maculatum  eggs  developed  more  slowly 
and  hatched  at  a  later  stage  compared  to  polyploid  members  of  the  A.  laterale-jejfersoni- 
unm  complex  (Nyman,  1991).  Further,  polyploid  members  of  the  A.  laterale-jeffersoni- 
anum  complex  larvae  were  larger  at  both  ponds  at  any  given  time  when  compared  to  A. 
maculatum  larvae  (Nyman,  1991)  Our  1998  data  for  A.  maculatum  metamorphs  are 
similar  to  previously  reported  values  (Hardy,  1952;  Phillips,  1992).  There  are  no  size 
data  for  newly  metamorphosed  A.  texanum  in  the  literature. 

The  relative  abundance  of  A.  texanum  and  A.  maculatum  metamorphs  increased  in  1998, 
whereas  the  relative  abundance  of  polyploid  metamorphs  drastically  declined.  Several 
factors  could  have  contributed  to  this  decline.  Because  the  basin  filled  on  29  March  1998 
(one  month  later  than  in  1997)  and  salamanders  began  moving  in  early  February  in  both 
years  (Phillips  et  al.,  2001),  polyploids  may  have  had  to  retain  their  eggs  for  a  longer 
period.  It  has  been  purported  the  longer  A.  jeffersonianum  females  retained  their  eggs, 
the  greater  the  incidence  of  egg  abnormalities  (Clanton,  1934).  However  an  analysis  of 
Clanton's  data  using  Spearman  rank  correlation  does  not  support  this  conjecture  (rs  =  - 
0.290,  p  =  0.577,  n  =  6)  and  there  are  no  other  data  available  to  support  what  Clanton 
(1934)  termed  the  “over-ripening”  of  eggs.  Another  possibility  is  that  female  polyploids 
reabsorbed  or  released  their  eggs  because  of  the  prolonged  interval  between  first  move¬ 
ment  and  pond  filling.  Finally,  the  shortened  amount  of  time  available  for  mate  location 
and  selection  by  polyploid  females  may  have  influenced  the  decline  in  abundance. 
Because  the  polyploids  parasitize  A.  texanum ,  the  shortened  mating  period  may  have 
magnified  competition  with  A.  texanum  females  for  A.  texanum  males,  which  are  in  low 
abundance  at  this  site  (Pollowy,  1992).  Therefore  the  reduced  number  of  available  hosts 
may  have  caused  or  contributed  to  the  decline.  Other  explanations  include  differences  in 
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breeding  population  size,  predation,  and  density  of  larvae  between  the  two  years,  but  we 
do  not  have  the  data  to  address  these  issues. 

The  higher  diversity  and  equitability  in  the  longer  hydroperiod  year  are  also  straightfor¬ 
ward  results,  but  bring  up  an  important  point  concerning  design  of  created  wetlands.  Just 
a  few  weeks  in  hydroperiod  can  have  dramatic  effects  on  the  amphibian  community 
composition  of  a  wetland.  In  the  case  of  the  state  endangered  silvery  salamander,  we 
have  to  consider  not  only  its  requirements  but  also  those  of  its  host,  the  smallmouth  sala¬ 
mander.  Other,  less-obvious  community  relationships  may  also  be  present  so  the  best 
strategy  is  to  attempt  to  increase  diversity  and  equitability.  To  this  end,  hydroperiod  may 
be  the  most  important  variable  and  the  easiest  to  manipulate  if  it  is  considered  at  the 
beginning  of  a  project. 
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Table  1.  SVL  and  TL  (mm)  for  metamorphosing  salamanders  caught  in  drop-cans  in 
1997  and  1998  at  KSP. 


Species 

1997  Mean  ±SD 

1998  Mean  ±SD 

P 

Amby stoma  opacum 

SVL:  29.35  ±3.75 

TL:  50.91  ±6.27 
n:  116* 

SVL:  34.40  ±2.06 

TL:  62.00  ±4.04 

n:  352 

<0.001 

<0.001 

polyploids 

SVL:  31.36  ±2.12 

TL:  54.44  ±4.20 

n:  298 

SVL:  39.26  ±4.08 

TL:  70.47  ±5.85 

n:  34 

<0.001 

<0.001 

Amby  stoma  texanum 

SVL:  17.33  ±0.58 

TL:  29.33  ±0.58 

n:  3 

SVL:  34.67  ±4.27 

TL:  61.73  ±6.53 

n:  15 

<0.001 

<0.001 

Amby  stoma  mac  u  latum 

SVL:  23.63  ±2.20 

TL:  39.30  ±3.45 

n:  27 

SVL:  30.77  ±1.69 

TL:  53.65  ±3.89 

n:  31 

<0.001 

<0.001 

*  some  A.  opacum  larvae  metamorphosed  prior  to  construction  of  our  drift  fence 
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Figure  1.  SVL  versus  date  of  emergence  for  metamorphosing  polyploids  in  (A)  1997 
(127  day  hydroperiod)  and  (B)  1998  (>137  day  hydroperiod).  Middle  hori¬ 
zontal  line  is  mean,  box  is  ±  one  SD,  whiskers  indicate  range,  and  number 
above  is  sample  size. 
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ABSTRACT 

The  exotic  weevil  Naupactus  leucoloma  was  collected  on  five  occasions  between  1995 
and  2001  in  Jackson  County,  Illinois.  This  beetle  has  not  been  reported  from  Illinois  pre¬ 
viously  although  it  has  been  collected  in  southern  Kentucky  and  Missouri.  Naupactus 
leucoloma  feeds  on  hundreds  of  plant  species  including  several  common  species  of  culti¬ 
vated  plants  such  as  soybean  and  could  become  an  agricultural  pest  in  Illinois. 


The  beetle  genus  Naupactus  (Coleoptera:  Curculionidae)  is  native  to  Central  and  South 
America  (O’Brien  and  Wibmer,  1982;  Lanteri  and  Marvaldi,  1995;  Bordon,  1997).  There 
are  currently  three  species  of  the  genus  Naupactus  recognized  in  the  U.S.:  Naupactus 
leucoloma  Boheman,  1840,  N.  minor  (Buchanan,  1942),  and  N.  peregrinus  (Buchanan, 
1939).  These  beetles  were  placed  in  the  genera  Pantomorus  and  Graphognathus  in  ear¬ 
lier  literature  (Buchanan,  1942;  1947),  but  Lanteri  and  Marvaldi  (1995)  concluded  that  all 
belong  to  the  genus  Naupactus.  All  three  species,  commonly  referred  to  as  whitefringed 
beetles,  are  native  to  South  America  and  are  considered  introduced  species  in  the  U.S. 
(Lanteri  and  Marvaldi,  1995).  The  first  collection  of  a  whitefringed  beetle  in  the  U.S. 
was  made  in  1936  near  Svea,  Okaloosa  County,  Florida  (Buchanan,  1947;  Warner,  1975). 
The  three  species  of  Naupactus  are  distributed  throughout  the  southeastern  U.S.,  and  at 
least  one  species  of  Naupactus  (specific  identity  not  provided)  has  been  introduced  to 
California  (Warner,  1975;  CDFA,  1989).  Naupactus  leucoloma  has  the  widest  distribu¬ 
tion  of  the  three  species  in  the  U.S.,  occurring  from  Florida  to  New  Mexico  and  from 
Virginia  to  Missouri  (Warner,  1975;  Sites  and  Thorvilson,  1988).  Naupactus  leucoloma 
is  a  parthenogenetic  species,  but  in  South  America  bisexual  populations  are  known;  only 
females  have  been  collected  in  the  U.S.  (Lanteri  and  Marvaldi,  1995).  The  larvae  and 
adults  of  this  highly  polyphagous  species  have  been  reported  to  feed  on  385  species  of 
plants  (Young  et  al.,  1950).  Larvae  attack  the  roots  and  other  hypogean  plant  structures, 
whereas  adults  feed  on  foliage  (Young  et  al.,  1950).  Whitefringed  beetles  can  be  serious 
pests  of  agricultural  crops  and  cultivated  plants  (Young  et  al.,  1950;  Lanteri  and  Mar¬ 
valdi,  1995;  Zehnder  et  al.,  1998). 

In  August  2001  we  collected  an  adult  N.  leucoloma  on  the  campus  of  Southern  Illinois 
University  at  Carbondale,  Jackson  County,  Illinois.  Four  additional  unidentified  speci- 
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mens  of  N.  leucoloma  were  found  in  the  Southern  Illinois  University  Entomology  Col¬ 
lection  (SIUEC),  all  of  which  had  been  collected  on  the  SIUC  campus  between  1995  and 
1999.  The  five  specimens  of  N.  leucoloma  were  collected  on  12  October  1995,  2  Sep¬ 
tember  1997,  4  September  1999,  2  October  1999,  and  8  August  2001.  The  latter  speci¬ 
men  is  in  the  personal  collection  of  Dr.  Charles  W.  O'Brien  (Tallahassee,  FL). 

Neither  Naupactus  leucoloma  nor  the  other  whitefringed  beetles  have  been  reported  in 
Illinois,  but  N.  leucoloma  has  been  collected  in  southern  Kentucky  and  southern  Missouri 
(Warner,  1975).  Young  et  al.  (1950)  predicted  that  whitefringed  beetles  might  be 
expected  to  survive  as  far  north  as  southern  Iowa  and  southern  New  York.  Our  records 
of  N.  leucoloma  in  southern  Illinois  extend  the  distribution  of  the  species  northward  in 
the  U.S. 
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ABSTRACT 

The  old  plainsman,  Hymenopappus  scabiosaeus  L’Hr.  var.  scabiosaeus ,  is  known  histori¬ 
cally  from  sand  prairies  and  open  sand  forests  within  four  counties  in  west  and  east-cen¬ 
tral  Illinois.  Of  the  twenty-five  populations  identified  by  herbarium  records,  nine  popu¬ 
lations  have  been  extirpated  since  the  1940s.  This  taxon  is  currently  known  from  16 
populations  in  three  counties,  mostly  within  very  localized  parts  of  the  Kankakee  River 
Sand  Area  of  eastern  Illinois.  Although  some  populations  contain  large  numbers  of  indi¬ 
viduals,  13  are  located  in  disturbed,  very  marginal  habitat  such  as  roadsides  or  recently 
abandoned  fields.  Only  three  populations  remain  in  natural  sand  savanna  habitat.  Popu¬ 
lation  loss  is  expected  to  continue,  documenting  the  need  for  greater  protection,  the 
development  of  disturbance  management  techniques,  and  the  reintroduction  of  this  plant 
into  suitable  dry  sand  prairie  and  dry  sand  savanna  within  its  historic  range. 


INTRODUCTION 

The  old  plainsman,  Hymenopappus  scabiosaeus  L’Hr.,  is  found  in  dry  prairies  and  open 
woods  from  Texas  to  Nebraska  east  to  Indiana,  and  south  to  South  Carolina  and  Florida 
(Gleason  and  Cronquist  1991).  Although  this  plant  is  relatively  common  in  most  of  the 
eastern  counties  of  Kansas  and  Oklahoma,  it  is  less  abundant  in  Illinois  and  Indiana 
where  it  is  restricted  to  sand  prairies  and  open  sandy  woods  (Barkley  1977,  Deam  1940, 
Mohlenbrock  1986,  Swink  and  Wilhelm  1994).  The  Illinois  populations  are  H.  scabio¬ 
saeus  var.  scabiosaeus  (Gleason  and  Cronquist  1991). 

A  member  of  the  Asteraceae,  this  plant  is  a  taprooted  biennial,  30-70  cm  in  height  that  is 
characterized  by  alternate,  pinnatifid  to  bipinnatifid  leaves  and  light  yellow  to  white 
flower  heads,  7-12  mm  wide,  which  are  borne  in  June  in  an  open,  corymbiform  inflores- 
cense  (Gleason  and  Cronquist  1991).  First-year  plants  overwinter  as  rosettes.  Second- 
year  plants  senesce  rapidly  following  flowering  and  seed  production,  and  disappear 
almost  completely  by  late  October. 

The  distribution  of  H.  scabiosaeus  in  Illinois  includes  dry  sand  prairies  and  dry,  sandy, 
open  woodlands  in  Cass,  Iroquois,  Mason,  and  Kankakee  counties  (Mohlenbrock  and 
Ladd  1978,  Mohlenbrock  1986).  This  taxon  was  also  reported  from  Massac  County  in 
southern  Illinois  by  Mohlenbrock  and  Ladd  (1978).  Although  this  plant  has  been 
regarded  as  rare  for  many  years,  it  is  not  a  state-listed  species,  and  no  assessment  has 
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been  completed  to  determine  its  current  distribution  and  population  levels  (Jones  and 
Fuller  1955,  Jones  1963,  Mohlenbrock  1986).  Concern  increased  for  this  plant  when  it 
was  observed  that  all  known  populations  were  restricted  to  roadsides  or  other  recently 
disturbed  habitats.  The  purpose  of  this  study  was  to  determine  the  distribution,  habitat, 
and  populations  of  this  species,  and  to  provide  recommendations  for  management  and 
protection. 


DESCRIPTION  OF  THE  STUDY  AREA 

Populations  of  the  old  plainsman  are  known  from  the  Illinois  River  Section  of  the  Missis¬ 
sippi  and  Illinois  River  Sand  Areas  Division,  and  the  Kankakee  River  Sand  Section  of  the 
Grand  Prairie  Division  (Schwegman  et  al.1973).  Both  of  these  extensive  sand  areas 
resulted  from  the  Kankakee  Torrent  approximately  15,000  years  ago  which  deposited 
huge  amounts  of  gravel  and  sand  within  these  geographic  regions.  Subsequent  wind 
action  created  a  dune  and  swale  topography,  known  as  the  Parkland  Formation,  that  char¬ 
acterizes  much  of  these  areas  (Willman  and  Frye  1970).  Most  of  the  old  plainsman 
populations  in  Kankakee  County  are  located  on  Oakville  Fine  Sand,  while  one  Mason 
County  population  is  located  on  Bloomfield  Sand.  Both  of  these  soils  have  a  low  water 
holding  capacity,  low  organic  content,  and  are  subject  to  blowing  (Paschke  1979,  Calsyn 
1995).  Bloomfield  soil  from  a  Mason  County  site  consisted  of  about  95%  sand,  4%  silt, 
and  1%  clay  (Benjamin  et  al.  1987). 

The  climate  of  central  Illinois  is  continental,  characterized  by  hot  summers  and  cold 
winters.  July  is  the  warmest  month,  and  January  is  generally  the  coldest.  Approximately 
28  days  will  have  a  maximum  temperature  greater  than  32°  C,  and  approximately  eight 
days  will  have  a  temperature  of  -18°  C  or  below.  The  average  annual  precipitation  in 
Kankakee  County  is  82.5  cm  compared  to  84.4  cm  in  Mason  County.  Most  of  this  pre¬ 
cipitation  falls  as  rain  from  April  through  September.  The  average  length  of  the  growing 
season  in  both  counties  is  about  170  days  (Paschke  1977,  Calsyn  1995). 

METHODS 

Searches  were  made  in  herbaria  (MO,  EIU,  ILL,  ILLS,  MOR,  ISM,  ISU,  FO,  F,  MWI  , 
SIU)  for  specimens,  and  the  label  data  were  recorded  for  each  specimen  found.  Known 
locations  for  the  old  plainsman,  as  recorded  on  specimens,  were  visited  and  searches 
were  made  for  plants.  When  plants  were  located,  the  number  of  flowering  individuals, 
size  of  the  population  and  habitat  type  were  recorded.  First-year  plants  were  not  counted 
due  to  their  small  size  and  associated  vegetation,  which  made  it  difficult  to  obtain  an 
accurate  count.  Associated  herbaceous  species  were  recorded  for  some  populations  and 
compared  to  Swink  and  Wilhelm  (1994). 

Searches  were  also  made  for  plants  in  Iroquois,  Kankakee,  and  Mason  counties  near 
known  colonies  to  locate  new  populations.  Although  these  searches  were  conducted 
mostly  on  state-owned  land,  extensive  searches  were  made  on  private  lands  when  suitable 
habitat  was  located.  Specimens  were  collected  from  all  colonies  located  by  this  study 
and  deposited  in  the  Stover-Ebinger  Herbarium  of  Eastern  Illinois  University  (EIU).  The 
nomenclature  for  vascular  plants  follows  Mohlenbrock  (1986)  and  Hoffmeister  (1989)  for 
mammals. 
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RESULTS 

A  total  of  60  herbarium  specimens  from  Cass,  Kankakee,  Iroquois,  and  Mason  counties 
were  examined,  including  three  from  Cass  County,  28  from  Mason  County,  16  from 
Kankakee  County,  and  13  from  Iroquois  County.  No  specimens  from  Massac  County 
were  located  during  the  herbarium  searches.  Individuals  familiar  with  the  flora  of  south¬ 
ern  Illinois  were  unaware  of  a  population  in  Massac  County,  causing  this  report  to  be 
considered  an  error  (Mohlenbrock  and  Ladd  1978,  John  E.  Schwegman  Pers.  Com). 

The  earliest  known  collection  of  this  plant  in  Illinois  was  in  Cass  County  in  1842  by  C. 
A.  Geyer  near  the  present  site  of  Beardstown.  There  were  two  subsequent  collections  in 
Cass  County  by  S.  B.  Mead  in  June  of  1846,  and  E.  Hall  in  May  of  1856.  There  have 
been  no  subsequent  collections  or  observations  of  this  plant  in  Cass  County  for  nearly 
150  years,  and  the  Beardstown  population  is  presumed  to  be  extirpated.  Except  for  these 
early  Cass  collections  and  one  1850s  collection  from  Mason  County,  all  other  collections 
date  from  the  1940s  through  the  early  1990s. 

The  natural  habitats  for  this  plant,  as  described  on  herbarium  label  annotations,  were  sand 
barrens,  open  oak  woods,  dry  sand  prairie,  or  sand  hills.  Of  the  60  herbarium  specimens 
that  were  examined,  37  described  the  collection  site  as  “sandy,  open,  exposed  sand,  sand 
dune,  or  raw  dune  sand.”  These  annotations  suggest  open,  perhaps  actively  moving,  sand 
partially  covered  by  vegetation. 

Because  of  the  lack  of  specific  location  data  on  herbarium  labels,  it  was  uncertain  if  new 
populations  of  this  plant  were  identified  during  the  field  studies.  The  16  populations 
located  included  two  in  Mason  County,  eight  in  Kankakee  County,  and  six  in  Iroquois 
County.  These  populations  were  all  in  open  areas  or  on  sand  dunes  that  had  visible  signs 
of  recent  disturbance.  Thirteen  of  these  colonies  were  located  along  roadsides,  in 
degraded  sand  prairies,  or  abandoned  fields  and  pastures,  making  them  highly  vulnerable 
to  future  road  improvements  or  land  use  changes. 

Old  plainsman  populations  were  also  very  localized.  The  six  Iroquois  County  populations 
were  all  present  within  one  section  in  a  township  in  the  northern  part  of  the  county  while 
the  Kankakee  County  populations  were  all  present  along  roads,  mostly  within  the  south¬ 
ern  half  of  one  township.  The  two  Mason  County  populations  were  very  small  and  sepa¬ 
rated  by  more  than  25  km  (Table  1). 

Several  native  herbaceous  sand  prairie  species,  little  bluestem  ( Schizachyrium  scoparium 
(Michx,)  Nash),  erect  dayflower  ( Commelina  erecta  L.),  Ohio  spiderwort  ( Tradescantia 
ohiensis  Raf.),  and  sand  primrose  ( Oenothera  rhombipetala  Nutt.)  were  growing  with  the 
old  plainsman  in  an  Iroquois  County  roadside  population.  Non-native  taxa,  thyme-leaved 
sandwort  ( Arenaria  serpylllifolia  L.)  and  Deptford  pink  ( Dianthus  armeria  L.)  plus  the 
native  poor  man’s  pepper  ( Lepidium  virginicum  L.)  and  poor  Joe  ( Plantago  aristata 
Michx.),  were  listed  as  associates  at  an  Indiana  population  (Swink  and  Wilhelm  1994). 

Only  three  old  plainsman  populations  occurred  in  its  natural  habitat,  dry,  black  oak  sand 
savanna.  These  populations  were  in  Hooper  Branch  Savanna  Nature  Preserve  in  Iroquois 
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County  where  prescribed  fire  has  been  used  in  management.  They  were  some  of  the 
smallest  populations  located  by  the  field  studies  (Table  1). 

Based  upon  herbarium  records,  nine  of  the  25  populations  identified  in  the  herbarium 
searches  were  extirpated,  mostly  since  the  1940s.  This  total  includes  one  from  Cass 
County,  three  from  Mason  County,  and  five  from  Kankakee  County.  Within  Mason 
County,  frequent  mowing  and  cultivation  has  eliminated  two  populations,  and  the  disap¬ 
pearance  of  the  old  plainsman  from  an  open,  sandy  woods  is  likely  due  to  fire  exclusion 
and  the  dramatic  invasion  of  garlic  mustard  ( Alliaria  petiolata  (Bieb.)  Cavara  &  Grande) 
into  the  herbaceous  understory  within  the  last  30  years.  The  causes  of  extirpation  are 
unknown  for  the  five  Kankakee  County  populations. 

Observations  made  during  this  study  suggest  that  the  old  plainsman  is  intolerant  of  com¬ 
petition  from  other  plants.  This  taxon  is  one  of  several  rare  sand  prairie  and  sand  savanna 
species,  including  bent  milk  vetch  (. Astragalus  distortus  Torr.  &  Gray),  flower-of-an-hour 
(: Talinum  rugospermum  Holz.)  and  poppy  mallow  ( Callirhoe  triangulata  (Leavenw.) 
Gray),  that  are  being  crowded  out  of  natural  habitats.  Bent  milk  vetch  and  the  old 
plainsman  are  now  surviving  mostly  on  marginal,  highly  vulnerable  sites  such  as  road¬ 
sides  or  recently  abandoned  agricultural  fields  that  experience  periodic  mowing  or  disc¬ 
ing. 

Prairies  and  savannas  of  Illinois  have  been  greatly  reduced  since  European  settlement,  a 
process  that  has  negatively  affected  the  populations  of  old  plainsman  and  other  sand  prai¬ 
rie  plants  and  animals  (Anderson  1991).  Collectively,  only  57  hectares  of  relatively 
undisturbed  sand  prairie  and  420  hectares  of  sand  savanna  remain  within  the  sand  depos¬ 
its  along  the  Illinois  and  Kankakee  Rivers,  and  these  remnants  are  small  and  widely  sepa¬ 
rated  (White  1978).  The  largest  amounts  of  high  quality  sand  savanna  remaining  in  Illi¬ 
nois  are  within  the  Kankakee  River  Sand  Area  Section,  the  same  geographic  region  that 
has  the  largest  number  (14  of  16)  of  the  remaining  old  plainsman  populations  . 

Within  these  remnants,  fire  suppression  has  reduced  the  size  of  prairies  and  converted 
savanna  communities  into  closed  forests,  a  process  which  would  provide  favorable 
growing  conditions  for  garlic  mustard  and  unfavorable  habitat  for  the  plains  pocket 
gopher  ( Geomys  bursarius  illinoensis  Komarek  and  Spencer)  and  the  badger  ( Taxidea 
taxus  taxus  Schreber).  Both  of  these  indigenous  grassland-dwelling  mammals  create 
disturbance  potentially  beneficial  to  the  establishment  and  survival  of  sand  prairie  and 
savanna  plants.  Bare  soil  areas  provided  by  gopher  mounds  were  important  establishment 
sites  for  the  large-flowered  penstemon  ( Penstemon  grandiflorus  Nutt.),  an  Illinois  endan¬ 
gered  species,  in  a  Minnesota  sand  prairie  (Davis  et  al.1995). 

Certain  sand  prairie  plants,  bird’s  foot  violet  ( Viola  pedata  L.),  pasque  flower  {Anemone 
patens  L.),  and  dwarf  dandelion  {Krigia  virginica  (L.)  Willd.),  described  as  peripheral  or 
ephemeral  by  Loucks  et  al.  (1985),  utilize  small  spatial  openings  such  as  gopher  mounds 
and  tend  to  be  sparsely  distributed.  In  a  study  of  plants  that  colonized  badger  and  pocket 
gopher  mounds  in  a  sand  prairie  in  Mason  County,  Illinois,  nine  annual  and  biennial  vas¬ 
cular  plant  taxa  were  present  on  badger  or  gopher  mounds,  but  were  absent  on  adjacent 
areas  lacking  mounds  (Fulk  and  Ebinger  1991). 
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Prescribed  fire  has  been  part  of  the  management  of  some  state-owned  sites  such  as 
Hooper  Branch  Savanna.  However,  fire  alone  may  not  provide  the  frequency  or  amount 
of  soil  disturbance  necessary  for  the  establishment  and  survival  of  these  rare  sand  prairie 
plants.  Currently,  mowing  and  discing  are  the  unintentional  artificial  management  prac¬ 
tices  now  enabling  the  survival  of  nearly  all  of  the  Illinois  colonies  of  bent  milk  vetch 
and  old  plainsman. 

Formal  protection  is  recommended  for  the  old  plainsman,  plus  the  reintroduction  of  this 
taxon  into  suitable  habitat  on  state-owned  lands,  especially  within  Mason  County.  There 
is  also  a  pressing  need  to  devise  and  implement  a  beneficial  disturbance  management 
regime  to  ensure  its  continued  survival  within  the  sand  regions  of  central  Illinois. 
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Table  1.  Number  of  populations,  population  size,  flowering  plants,  and  habitat  of 
Hymenopappus  scabiosaeus  in  Illinois. 


County 

Population  Size 

Flowering 

Plants 

Habitat 

Iroquois 

1 

10m  X  75  m 

97 

mowed  roadside 

2 

10m  X  400m 

*1000 

mowed  roadside 

3 

20m  X  500m 

*1000 

mowed  roadside 

4 

3m  X  5m 

6 

black  oak  sand  savanna 

5 

5m  X  5m 

15 

black  oak  sand  savanna 

6 

10m  X  10m 

150 

black  oak  sand  savanna 

Kankakee 

1 

8m  X  75m 

36 

roadside 

2 

10m  X  200m 

245 

roadside 

3 

3m  X  4m 

26 

mowed  roadside 

4 

10m  X  50m 

210 

abandoned  pasture 

5 

50m  X  75m 

350 

roadside 

6 

25m  X  55m 

80 

roadside 

7 

10m  X  45m 

140 

abandoned  pasture 

8 

40m  X  60m 

500 

roadside 

Mason 

1 

2m  X  10m 

2 

mowed  roadside 

2 

5m  X  25m 

206 

roadside 

Total 

4,096 

*  Estimated  population 

sizes 
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ABSTRACT 

Ripening-associated  changes  in  primary  cell  wall  have  been  attributed  to  the  activities  of 
pectin  hydrolases  in  several  fruits,  including  tomato,  melon,  kiwifruit,  starfruit,  and  rasp¬ 
berry,  Using  a  sensitive  method  to  quantify  reducing  sugars,  we  have  examined  the 
changes  in  polysaccharide-degrading  enzyme  activities  and  reducing  sugar  content  of  two 
pumpkin  ( Cucurbita  moschata )  cultivars,  designated  cultivar  A  and  cultivar  B,  harvested 
at  different  times  in  the  growing  season.  Pectin  hydrolase  activity  in  the  cultivar  B  pump¬ 
kins  harvested  in  October  (1075.4  U /  g  pumpkin)  was  elevated  at  least  five-fold  relative 
to  activity  in  cultivar  A  pumpkins  harvested  in  late  August  through  September  (89.1- 
359.4  U /  g  pumpkin).  The  elevated  pectin  hydrolase  activity  did  not  correlate  with  the 
changes  in  levels  of  reducing  sugars  over  the  same  harvest  season.  A  decrease  in  the 
reducing  sugar  levels  in  raw  pumpkin  was  observed  throughout  the  harvest  season  with 
an  approximately  50  %  decrease  between  each  harvest  period.  This  change  in  the  levels 
of  reducing  sugars  was  paralleled  by  the  expression  of  a-amylase  activity  in  raw  pump¬ 
kin.  This  starch-hydrolyzing  enzyme  decreased  from  705.9  U /  g  pumpkin  in  cultivar  A 
fruit  harvested  between  late  August  and  early  September  to  39.8  U/  g  pumpkin  in  cultivar 
B  fruit  harvested  in  October.  These  results  suggest  that  an  increase  in  pectin  hydrolase 
activity  may  not  be  a  primary  determinant  in  the  ripening  of  pumpkin,  as  ripe  pumpkins 
from  two  different  cultivars  have  markedly  different  levels  of  pectinase  activity  at  har¬ 
vest. 


INTRODUCTION 

The  textural  changes  occurring  during  fruit  ripening  are  attributed  to  the  disassembly  of 
the  primary  cell  wall  (Brady,  1987).  Modifications  of  both  covalent  and  noncovalent 
interactions  between  polysaccharides  may  play  a  role  in  the  softening  process  (Fischer 
and  Bennett,  1991).  The  ripening  of  many  fruits,  including  starfruit  (Chin  et  al.,  1999), 
tomato  (Crookes  and  Grierson,  1983),  melon  (Hadfield  et  al.,  1998),  raspberry  (Iannetta 
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et  al.,  1999),  and  kiwifruit  (Redgewell  et  al.,  1992)  has  been  correlated  with  the  activities 
of  endogenous  cell  wall-modifying  enzymes.  Among  the  enzymes  implicated  in  ripening- 
associated  process  are  the  pectin-degrading  enzymes  that  catalyze  the  hydrolytic 
depolymerization  of  polygalacturonide  or  pectin,  a  major  component  of  the  primary  cell 
wall.  Polygalacturonase  (E.C.  3.2.1.15),  pectin  methylesterase  (E.C.  3.1.1.11),  and  pectin 
lyase  (E.C.  4.2.2.10)  are  pectinase  isoforms  which  may  independently  or  collectively 
contribute  to  the  degradation  of  cell  wall  pectins. 

Numerous  studies  have  ascribed  a  role  for  polygalacturonase  in  early  ripening  events  in 
tomato  (Crookes  and  Grierson,  1983;Tigchelaar  et  al.,  1978),  melon  (Hadfield  et  al., 
1998),  and  raspberry  (Iannetta  et  al.,  1999),  however  genetic  studies  have  demonstrated 
the  expression  of  polygalacturonase  activity  to  be  insufficient  in  triggering  the  physical 
and  chemical  changes  associated  with  fruit-ripening  in  tomato  (Giovannoni  et  al.,  1989; 
Smith  et  al.,  1988;  Smith  et  al.,  1990).  Furthermore,  no  correlation  between  polygalac¬ 
turonase  activity  and  decreased  fruit  firmness  was  observed  during  the  maturation  of 
banana  fruit  (Agravante  et  al.,  1991).  Other  studies  strongly  intimate  that  enzyme-medi¬ 
ated  pectin  degradation  is  important  in  the  later  stages  of  ripening  when  deterioration  of 
the  fruit  occurs  (Chin  et  al.,  1999;  Kramer  et  al.,  1992). 

In  contrast  to  tomato  and  kiwi  fruit,  pumpkin  does  not  undergo  extensive  softening  until 
the  fruit  is  overripe.  This  study  investigates  the  level  of  pectin  hydrolase  activity  in 
mature  pumpkin  ( Cucurbita  moschata )  to  determine  whether  it  is  a  primary  determinant 
in  the  ripening  of  pumpkin.  Two  cultivars  of  C.  moschata ,  one  of  which  has  been  selected 
for  its  early  maturing  fruit  which  allows  harvest  before  frost  affects  the  crop,  were  ana¬ 
lyzed.  For  each  harvest  time,  raw  fruit  and  canned  pumpkin  puree  were  analyzed  for 
enzyme  activities  and  concentration  of  reducing  sugars. 

MATERIALS  AND  METHODS 


Materials 

2,2'-bicinchoninic  acid  (BCA)  was  purchased  from  Fluka  Chemical  Corporation  (Mil¬ 
waukee,  WI).  All  other  chemical  and  biochemical  reagents  were  supplied  by  Sigma  (St. 
Louis,  MO).  Raw  and  canned  pumpkin  samples  were  generously  donated  by  Nestle  Cor¬ 
poration  (Morton,  IL).  Raw  pumpkin  was  obtained  from  field-grown  crops  in  Morton. 
Canned  pumpkin  puree  was  also  obtained  from  pumpkins  grown  and  processed  in  Mor¬ 
ton.  During  the  canning  process,  the  pumpkin  was  chopped  into  4  to  8  inch  pieces  and 
wilted  at  200  °F  to  soften  the  flesh.  The  skin  and  seeds  were  removed  and  the  pulp  was 
ground  in  a  mill  and  canned.  Cultivar  A,  selected  for  its  early  maturing  fruit,  was  har¬ 
vested  early  in  the  season,  between  late  August  and  early  September  (8/20-9/1),  and  dur¬ 
ing  mid-season  harvest,  between  middle  to  late  September  (9/12-9/20).  Cultivar  B  was 
harvested  between  early  to  mid-October  (10/15-10/20).  In  each  harvest,  the  raw  fruit  and 
canned  product  were  analyzed  for  carbohydrate  content,  and  amylase  and  pectin  hydro¬ 
lase  activities.  The  samples  were  pulverized  with  a  hand  held  food  processor  for  5  min, 
resuspended  in  0.4  M  sodium  carbonate  buffer,  pH  9.8,  at  0.5  g  fresh  weight/  mL  and 
diluted  as  indicated  for  analysis.  Samples  were  kept  on  ice  during  experiments  and  stored 
at  -20  °C. 
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Reducing  sugar  determination 

The  relative  concentrations  of  reducing  and  total  carbohydrates  were  determined  by  the 
quantitative  reduction  of  copper  II  (Waffenschmidt  and  Jaenicke,  1987).  Pumpkin  sam¬ 
ples  (0.25  mg  fresh  weight),  in  a  final  volume  of  0.20  mL,  were  incubated  in  the  presence 
of  1.38  mM  copper  (II)  sulfate,  1.15  mM  BCA,  3.0  mM  L-serine,  and  0.4  M  sodium  car¬ 
bonate  buffer,  PH  9.8.  Incubations  were  carried  out  at  100  °C  for  15  min  on  Costar  96 
flat-bottom  well  plates  (Fisher  Scientific,  Pittsburgh,  PA)  sealed  with  adhesive  film  and 
jacketed  with  a  copper  microplate  heating  aid.  Samples  were  allowed  to  cool  for  20  min 
prior  to  reading  the  optical  density  at  570  nm  on  a  BioTek  EL311  microplate  autoreader 
(BioTek  Instruments,  Winooski,  VT).  The  concentration  of  reducing  sugar  in  each  sam¬ 
ple  was  determined  by  interpolation  of  a  standard  glucose  (0  to  20  nmol)  curve. 

Enzyme  assays 

Pectinase  and  a-amylase  activities  were  measured  by  spectrophotometric  determination 
of  the  concentration  of  reducing  sugars  released  when  the  appropriate  polysaccharide 
substrate,  amylose  or  pectin,  was  incubated  with  each  sample  (Mateos  et  al.,  1992). 
Briefly,  reaction  mixtures  (50  piL)  containing  0.02  to  1.67  pig  fresh  weight  pumpkin  sam¬ 
ple  and  62.5  pig  polysaccharide  substrate  were  incubated  for  30  min  under  the  appropriate 
conditions  for  each  enzyme  activity,  a-amylase  activity  was  assayed  in  0.1  M  HEPES 
buffer,  pH  7,  at  27  °C  .  Pectin  hydrolase  activity  was  assayed  in  0.1  M  sodium  acetate 
buffer,  pH  5  at  37  °C  .  Activity  units  (U)  are  defined  as  //mol  of  glucose  equivalents 
released  per  min. 

Statistical  Analysis 

Data  were  subjected  to  analysis  of  variance  (ANOVA)  followed  by  Fisher’s  Least  Sig¬ 
nificant  Difference  (LSD)  post-test  to  determine  the  significance  of  differences  between 
harvest  means.  Data  are  reported  as  the  mean  ±  standard  deviation  (SD)  of  triplicate 
determinations  for  the  ten  samples  collected  in  each  harvest.  The  data  were  considered  to 
be  significantly  different  at  p  <  0.05. 


RESULTS 

The  pumpkin  cultivar  selected  for  early  maturation  of  fruit  and  harvested  between  late 
August  and  late  September  (early  and  mid-season)  exhibited  relatively  lower  levels  of 
pectin  hydrolase  activity  than  the  pumpkin  cultivar  producing  mature  fruit  in  October 
(Figure  1).  Pectin  hydrolase  activity  in  the  late  harvest  pumpkins  was  1075  U/g  pumpkin 
and  717.1  U/  g  pumpkin  in  raw  and  canned  samples,  respectively.  Pumpkins  harvested  in 
early  and  mid-season  showed  no  significant  difference  in  pectin  hydrolase  activity  per 
gram  pumpkin.  The  temperature  and  pressure  changes  associated  with  the  canning  proc¬ 
ess  had  little  to  no  effect  on  the  relative  pectin  hydrolase  activity  in  early  and  mid  harvest 
(cultivar  A)  pumpkin,  but  resulted  in  a  thirty  percent  decrease  in  the  activity  in  the  late 
harvest  pumpkin  (cultivar  B)  (Figure  1). 

Next,  we  examined  whether  the  increase  in  pectin  hydrolase  activity  was  accompanied  by 
an  increase  in  the  reducing  sugar  content  in  pumpkins.  The  relative  concentrations  of 
reducing  sugars  in  raw  pumpkin  as  detected  by  the  quantitative  reduction  of  copper  II 
decreased  throughout  the  harvest  season  (Figure  2).  An  almost  two-fold  reduction  in  the 
concentration  of  reducing  sugars  in  raw  pumpkin  is  observed  between  each  successive 
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harvest  period,  irrespective  of  cultivar  differences.  The  canning  process  decreased  the 
relative  concentrations  of  reducing  sugars  in  the  early  and  mid-season  harvest  by 
approximately  two  and  three-fold,  respectively.  There  was  no  significant  difference  in 
the  level  of  reducing  sugars  between  raw  and  canned  pumpkin  harvested  in  October  (late 
harvest).  The  relative  concentrations  of  reducing  sugars  in  canned  pumpkin  also 
decreased  approximately  two  to  three  fold  between  early  and  mid-season  harvest  (Figure 
2). 

This  decrease  in  the  level  of  reducing  sugars  was  inconsistent  with  the  observed  increase 
in  pectinolytic  activity  and  reports  that  pectinic  degradation  occurs  at  late  growth  stages 
in  melon,  raspberry,  and  tomato  (Rose  et  al.,  1998;  Iannetta  et  al.,  1999;  Redgewell  et  al., 
1992).  In  an  effort  to  explicate  the  changes  in  the  relative  levels  of  reducing  sugars  in 
pumpkins  harvested  during  different  periods,  the  samples  were  analyzed  for  other  poly¬ 
saccharide  hydrolase  activities,  including  a-amylase  (Figure  3).  Raw  pumpkin  harvested 
early  contained  the  highest  levels  of  a-amylase  activity  (705.9  ±  117.1  U/g  pumpkin) 
detected  in  this  study.  In  raw  pumpkin,  a-  amylase  activity  (Figure  3)  decreased  through¬ 
out  the  harvest  season.  Canned  pumpkin  showed  variability  in  a-amylase  activity 
throughout  the  harvest  season.  In  mid-season  and  late  harvest,  a-amylase  activities  in  raw 
and  canned  pumpkin  were  not  significantly  different.  Activity  in  pumpkins  of  the  early 
harvest  decreased  five-fold  during  the  canning  process  to  141.2  U/g  canned  pumpkin. 

DISCUSSION 

Mature  fruit  of  the  pumpkin  cultivar  selected  for  early  ripening  shows  an  approximately 
ten-fold  lower  activity  of  pectin  hydrolase,  an  enzyme  which  is  thought  to  play  a  critical 
role  in  cell  wall  disassembly  during  the  ripening  process,  than  pumpkin  with  the  tradi¬ 
tional-length  growing  season.  The  cultivar-associated  increase  in  pectin  hydrolase  activ¬ 
ity  was  not  accompanied  by  a  corresponding  increase  in  reducing  sugar  content.  Inter¬ 
estingly,  a  decrease  in  reducing  sugar  levels  in  raw  pumpkin  was  observed  throughout  the 
harvest  season  with  an  approximately  50  %  decrease  between  each  harvest  period.  This 
change  in  the  levels  of  reducing  sugars  was  paralleled  by  the  expression  of  a-amylase 
activity  in  raw  pumpkin.  This  starch-hydrolyzing  enzyme  decreased  from  705.9  U/  g 
pumpkin  in  fruit  harvested  between  late  August  and  early  September  to  39.8  U/  g  pump¬ 
kin  in  fruit  harvested  in  October.  Cultivar-associated  differences  in  the  sensitivity  of  the 
polysaccharide  hydrolyzing  enzyme  activities  monitored  in  this  study  to  the  conditions  of 
the  canning  process  were  observed.  The  conditions  employed  in  the  canning  decreased 
the  pectin  hydrolase  activity  in  late  harvest  pumpkins  (cultivar  B)  by  thirty  percent  rela¬ 
tive  to  raw  pumpkins  from  the  same  harvest  and  also  decreased  the  a-amylase  activity  in 
the  early  harvest  pumpkins  (cultivar  A)  by  eighty  percent  relative  to  raw  pumpkins  from 
the  same  harvest.  This  decrease  in  enzymatic  activity  in  response  to  treatment  at  high 
temperatures  is  not  surprising  as  most  enzymes  exhibit  temperature-sensitivity  due  to  the 
disruption  of  noncovalent  interactions  important  for  maintaining  an  active  protein  con¬ 
formation. 

The  results  of  this  study  suggest  that  an  increase  in  pectin  hydrolase  activity  may  not  be  a 
primary  determinant  in  the  ripening  of  pumpkin,  as  ripe  pumpkins  from  two  different 
cultivars  demonstrate  markedly  different  levels  of  pectinase  activity  at  harvest.  It  has 
been  demonstrated  that  the  timing  of  expression  of  the  relevant  gene  or  gene  families 
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may  vary  with  species  or  cultivars  (Crookes  and  Grierson,  1983;  Hadfield  et  al.,  1998; 
Iannetta  et  al.,  1999).  We  show  that  the  expression  of  pectin  hydrolase  activity  is  higher 
in  mature  pumpkins  of  cultivar  B  relative  to  mature  pumpkins  of  cultivar  A.  In  addition, 
pectin  hydrolase  activity  shows  little  to  no  change  between  the  early-season  and  mid-sea¬ 
son  harvested  pumpkins  of  the  early-ripening  cultivar  (cultivar  A). 

Several  models  have  been  proposed  for  the  initiation  of  fruit  ripening  in  which  pectin 
hydrolase  activity  is  not  required.  Redgewell  et  al.  (1992)  have  demonstrated  that  ethyl¬ 
ene  produced  in  the  initial  stages  of  kiwifruit  ripening  is  shortly  followed  by  an  increased 
swelling  of  cell  wall  materials  without  changing  the  primary  structure  of  the  polysaccha¬ 
rides.  It  is  proposed  that  swelling  increases  the  solubility  of  cell  wall  polysaccharides  by 
allowing  more  flexibility  in  non-covalent  associations  between  polymers  and  solvent  than 
provided  in  the  compact  cell  wall  structure  of  unripe  kiwifruit.  In  this  regard,  ripening- 
specific  expansins,  proteins  thought  to  interrupt  non-covalent  interactions  between  cell 
wall  and  matrix  polysaccharides,  have  been  identified  in  tomato,  strawberry,  and  melon 
(Rose  et  al.,  1997)  and  putatively  play  a  role  in  disrupting  a  critical  structural  component 
of  the  cell  wall  at  the  onset  of  fruit  softening.  Additionally,  swelling  may  facilitate  access 
of  cell  wall-degrading  enzymes  to  their  substrates  (Redgewell  and  Fry,  1993).  Nonethe¬ 
less,  these  results  suggest  that  increased  pectin  hydrolase  activity  is  a  consequence,  not  a 
cause,  of  cell  wall  disassembly. 

The  disassembly  of  pectin  is  thought  to  initially  involve  the  loss  of  covalently-associated 
galactose  residues  (Rose  et  al.,  1998,  Chin  et  al.,  1999).  Galactose  is  among  the  neutral 
sugars  in  the  side  chains  linking  the  polymer  to  the  polysaccharide  matrix  in  plant  cell 
walls.  The  loss  of  neutral  sugar  residues  results  in  the  increased  solubility  of  the  polysac¬ 
charide  (Rose  et  al.,  1998;  Chin  et  al.,  1999)  which  is  believed  to  facilitate  the  pectinase- 
mediated  deglycosylation  and  depolymerization  in  late  ripening  stages  (Rose  et  al.,  1998; 
Hadfield  et  al.,  1998).  In  this  regard,  Ptitchkina  et  al.  (1994)  have  estimated  that  pumpkin 
pectin  contains  only  50  %  galacturonate,  suggesting  an  unusually  high  concentration  of 
neutral  sugar  residues  relative  to  citrus  pectins  which  contain  approximately  80  %  galac¬ 
turonate. 

We  did  not  detect  a  concomitant  increase  in  free  galactose  by  monitoring  the  relative 
concentration  of  reducing  sugars  in  the  two  pumpkin  cultivars.  In  fact,  a  decrease  in  the 
relative  reducing  sugar  concentration  is  observed  with  each  successive  harvest  period. 
However,  the  method  employed  is  not  specific  for  galactose  and  would  be  influenced  by 
the  release  of  any  sugar  capable  of  undergoing  oxidation.  Interestingly,  we  detected  a 
decrease  in  a-amylase  activity  that  paralleled  the  changes  in  relative  reducing  sugar  con¬ 
centration  and  may  provide  a  plausible  explanation  for  the  higher  levels  of  reducing  sugar 
observed  in  the  pumpkins  of  the  earlier  harvests.  Therefore,  we  cannot  conclusively 
eliminate  the  possibility  that  galactose  release  occurred  over  the  harvest  season  but  was 
obscured  by  a-amylase-released  glucose  from  starch. 
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Figure  1.  Pectin  hydrolase  activity  in  raw  and  canned  pumpkin  as  a  function  of  harvest. 

Data  are  the  mean  ±  S.D.  for  10  samples  measured  in  triplicate.  Bars  labeled 
with  a  single  asterisk(*)  were  not  significantly  different  from  each  other  (p  > 
0.05). 
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Figure  2.  Reducing  sugar  content  of  raw  and  canned  pumpkin  as  a  function  of  harvest. 

Data  are  the  mean  ±  S.D.  for  10  samples  measured  in  triplicate.  Bars  labeled 
with  a  single  asterisk  (*)  were  not  significantly  different  (p  =  0.322). 
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Figure  3 


.  a-amylase  activity  in  raw  and  canned  pumpkin  as  a  function  of  harvest.  Data 
are  the  mean  ±  S.D.  for  10  samples  measured  in  triplicate.  Bars  labeled  with  a 
single  asterisk  (*)  were  not  significantly  different  (p  =  0.681).  Bars  labeled 
with  a  double  asterisk  (**)  were  not  significantly  different  (p  =  0.194). 
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ABSTRACT 

Tornado  statistics  covering  the  period  of  1950  to  1998  are  used  to  examine  tornado  fre¬ 
quency,  deaths,  and  injuries  by  year  and  month  in  Illinois.  The  upward  trend  found  in 
tornado  frequency  is  the  result  of  more  F-0  events  being  reported  in  recent  years.  No 
trends  are  evident  in  the  number  of  deaths  and  injuries  over  time.  On  a  monthly  basis, 
April  is  the  month  with  the  most  tornadoes,  fatalities,  and  injuries.  While  tornado  fre¬ 
quency  remains  high  in  May  and  June,  deaths  and  injuries  decline  rapidly.  These 
decreases  are  explained  in  part  by  concurrent  decreases  in  the  frequency  of  more  intense 
tornadoes  during  May  and  June.  Tornadoes  are  most  likely  to  occur  in  the  afternoon  or 
early  evening  hours.  However,  80%  of  the  fatalities  occurred  between  2  and  5  pm.  F-0 
tornadoes  are  the  most  numerous  and  least  deadly  in  Illinois.  On  the  other  end  of  the 
scale,  F-5  tornadoes  are  the  rarest  and  most  deadly.  F-0  tornadoes  have  the  narrowest 
widths  and  the  shortest  paths;  F-4  tornadoes  have  the  largest  widths  and  the  longest  paths. 
F-5  tornadoes  tend  to  have  smaller  widths  and  paths  than  F-4  tornadoes. 


INTRODUCTION 

Tornado  climatology  is  of  interest  to  a  number  of  groups  including  weather  forecasters, 
emergency  management  agencies,  and  the  general  public.  Tornadoes  have  captured  the 
imagination  of  the  public  like  no  other  weather  phenomena.  The  science  behind  under¬ 
standing  and  predicting  tornadoes  has  increased  dramatically  over  time.  In  addition,  the 
widespread  deployment  of  Doppler  radar  and  National  Oceanic  and  Atmospheric 
Administration  (NOAA)  Weather  Radios,  along  with  the  availability  of  weather  products 
in  near  real-time  over  the  Internet  and  cable  TV,  have  increased  warning  times  and  pre¬ 
paredness  while  ensuring  that  interest  in  tornadoes  remains  high. 

Illinois  has  experienced  some  of  the  worst  tornadoes  in  U.S.  history.  The  infamous  Tri- 
State  tornado  occurred  on  March  18,  1925,  leaving  695  dead,  2000  injured,  and  $130 
million  in  property  damage.  The  tornado  developed  near  Ellington,  Missouri,  at  1  pm, 
moving  through  southeastern  Missouri  before  crossing  the  Mississippi  River,  destroying 
the  town  of  Gorham,  Illinois,  at  2:30  pm.  From  there  it  cut  a  wide  swath  through  Mur¬ 
phy  sboro,  De  Soto,  West  Frankfort,  and  Parrish.  The  tornado  proceeded  to  enter  south¬ 
western  Indiana  before  dissipating  (Wilson  and  Changnon  1971). 
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The  Mattoon  tornado  of  May  26,  1917,  left  101  dead,  638  injured,  and  $55  million  in 
property  damage.  The  tornado  developed  near  Louisiana,  Missouri.  From  there  it  tracked 
due  east,  passing  through  Nebo,  White  Hall,  Modesto,  Owaneco,  Westervelt,  Mattoon, 
Charleston,  and  Marshall.  The  heaviest  hit  were  Mattoon  (53  killed,  409  injured)  and 
Charleston  (38  killed,  182  injured). 

In  addition,  the  first  documented  case  of  a  tornado  being  detected  by  radar  occurred  in 
Illinois.  On  April  9,  1953,  staff  of  the  Illinois  State  Water  Survey  tracked  the  develop¬ 
ment,  growth,  and  movement  of  a  tornado,  as  identified  by  the  distinctive  “hook  echo” 
(Huff  et  al.,  1954).  This  discovery  led  to  the  development,  in  the  1950s,  of  a  nationwide 
network  of  radar  sites  to  track  tornadoes. 

Changnon  and  Stout  (1957)  summarized  the  statistics  for  tornadoes  in  Illinois  using  data 
from  1927  to  1952.  They  identified  some  of  the  key  features  of  Illinois  tornadoes  that  still 
exist  today.  Among  their  findings  was  that  72  percent  of  all  tornadoes  occurred  during 
spring,  the  peak  tornado  season.  Central  Illinois  experienced  the  most  tornado  activity  (76 
tornadoes),  followed  by  southern  Illinois  (40  tornadoes),  with  northern  Illinois  being  last 
(24  tornadoes).  They  also  noted  that  tornado  frequency  was  at  a  minimum  between  4  am 
and  8  am.  Maximum  activity  was  found  during  the  afternoon  hours  with  57  percent  of  all 
tornadoes  occurring  between  3  pm  and  7  pm. 

Wilson  and  Changnon  (1971)  developed  a  tornado  climatology  based  on  data  from  the 
1916-1969  period.  They  described  basic  characteristics  of  tornadoes  such  as  the  time  of 
day  of  occurrence,  frequency  over  time,  and  their  geographic  distribution  across  Illinois. 
In  addition,  they  provided  more  detailed  meteorological  accounts  of  the  Mattoon  and  Tri- 
State  tornadoes  (as  described  above).  They  found  that  65%  of  all  tornadoes  occurred 
between  March  and  June.  Nearly  65%  of  all  tornadoes  occurred  between  the  hours  of  2 
and  8  pm.  While  they  found  an  increase  in  tornado  frequency  over  time,  this  was  attrib¬ 
uted  to  changes  in  reporting  procedures  within  the  U.S.  Weather  Bureau. 

Wendland  and  Guinan  (1988)  focused  on  one  of  the  more  difficult  aspects  of  tornado 
reporting,  the  geographic  distribution  within  the  state.  An  inherent  problem  with  the  tor¬ 
nado  data  collection  effort  is  a  bias  towards  greater  tornado  frequency  as  population  den¬ 
sity  increases.  The  authors  adjusted  for  this  bias  by  taking  into  account  the  population 
density  of  each  county.  They  found  that  west-central,  north-central  and  northeastern,  and 
southern  Illinois  experienced  higher  tornado  frequencies  than  elsewhere  in  the  state. 

This  paper  examines  tornado  frequency,  deaths,  and  injuries  by  year  and  by  month  for  the 
period  of  1950  to  1998.  While  previous  studies  have  examined  these  statistics,  none  of 
them  contain  data  after  1986.  An  update  is  important  because  of  public  perception  of 
increased  tornado  activity  and  because  of  ongoing  changes  in  the  detection  and  reporting 
of  tornado  events.  Tornado  frequency,  deaths  and  injuries  will  be  compared  to  tornado 
strength,  size,  and  path  length.  New  relationships  are  explored,  especially  tornado  inten¬ 
sity  and  how  it  relates  to  deaths,  injuries,  path  length,  and  path  width.  By  quantifying 
these  relationships,  better  decisions  can  be  made  regarding  the  risks  involved  with  torna¬ 
does  and  their  intensity,  leading  to  such  things  as  more  effective  building  practices  and 
more  efficient  emergency  management. 
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DATA 

The  tornado  data  in  this  study  were  obtained  from  the  NOAA  Storm  Prediction  Center 
(2000)  and  include  all  reported  Illinois  tornadoes  from  1950  to  1998.  The  data  set  con¬ 
tains  information  for  each  tornado  with  regards  to  strength,  path  coordinates,  path  length, 
path  width  and  any  deaths,  injuries,  or  damage  associated  with  each.  These  data  were 
used  to  construct  plots  of  tornado  frequency,  strength,  path  length,  path  width,  as  well  as 
deaths  and  injuries  related  to  tornadoes  on  selected  time  scales  (yearly,  monthly,  and 
hourly). 

The  tornado  data  were  based  on  damage  surveys  conducted  by  National  Weather  Service 
(NWS)  personnel  after  the  events.  The  damage  site  usually  provides  clues  regarding  the 
strength  of  the  tornado  and  the  distinction  between  tornado  and  straight-line  wind  dam¬ 
age.  As  discussed  in  Wendland  and  Guinan  (1988)  one  problem  with  tornado  statistics  is 
the  strong  relationship  between  tornado  sightings  and  population  density.  As  the  popula¬ 
tion  of  Illinois  and  the  United  States  in  general  has  increased,  so  has  the  number  of 
reports  of  tornadoes.  In  addition,  the  U.S.  Weather  Bureau  and  later  the  National  Weather 
Service  increased  their  emphasis  on  damage  surveys  over  time,  leading  to  better  statistics 
from  1950  onward.  Finally,  the  installation  of  a  nationwide  network  of  improved  Doppler 
radars  in  the  1990s  increased  the  detection  of  weaker  tornadoes,  particularly  F-0  events 
that  might  have  gone  unnoticed  before  (Brad  Kechum,  NWS,  personal  communication, 
2000). 

Tornadoes  are  typically  classified  using  the  Fujita  or  F-scale  (Table  1),  proposed  by 
Fujita  (1971)  to  identify  the  wind  speed  of  a  tornado  based  on  the  amount  of  damage  it 
caused.  As  Fujita  recognized,  the  weakness  of  this  approach  is  that  it  is  dependent  on  the 
quality  of  construction  (e.g.,  poorly  built  houses  disintegrate  at  lower  wind  speeds  than 
well-built  houses).  It  will  not  work  in  the  special  case  of  a  strong  tornado  passing  through 
open  country  and  causing  only  minor  damage.  However,  there  is  no  other  widely  avail¬ 
able  way  of  measuring  or  estimating  the  wind  speeds  associated  with  tornadoes. 

ANALYSIS 


Annual  Statistics 

The  distribution  of  tornadoes  by  year  in  Illinois  (Figure  1)  shows  an  increase  in  the  num¬ 
ber  of  tornadoes  since  1950.  The  peak  year  of  tornado  activity  was  1974,  largely  due  to 
the  infamous  Super  Outbreak  of  April  3-4,  1974,  that  included  148  tornadoes  in  13  states. 
The  average  number  of  tornadoes  per  year  is  29.  The  total  number  of  tornadoes  per  year 
has  increased  significantly  in  the  1990s.  This  includes  the  39  tornadoes  on  April  19, 
1996,  the  largest  single  outbreak  in  Illinois.  Meanwhile,  the  number  of  tornadoes  per  year 
rated  as  F-l  or  above  has  shown  no  appreciable  trend  (heavier  line  in  Figure  1).  There¬ 
fore,  this  trend  reflects  recent  changes  in  tornado  reporting  procedures  that  captures  more 
of  the  F-0  events,  rather  than  an  actual  increase  in  tornado  activity. 

Illinois  averages  four  tornado-related  fatalities  per  year.  However,  the  number  does  vary 
widely  from  year  to  year  with  the  larger  numbers  of  deaths  in  certain  years,  usually  asso¬ 
ciated  with  one  or  two  particular  events  (Figure  2).  For  example,  in  1967  two  tornadoes 
on  the  same  day  caused  57  deaths.  The  first  was  an  F-4  tornado  that  occurred  on  April  21, 
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1967,  around  Belvidere  in  Boone  County.  This  storm  killed  24  and  injured  410.  The  sec¬ 
ond  F-4  tornado  occurred  on  the  same  day  in  Cook  County,  tracking  from  Palos  Hills 
through  Oak  Lawn  to  Lake  Michigan.  Thirty-three  people  were  killed  and  approximately 
500  injured.  This  was  the  deadliest  year  in  the  1950-1998  record.  The  high  number  of 
fatalities  in  1990  was  due  to  the  29  deaths  in  the  F-5  tornado  that  occurred  on  August  28, 
1990.  The  16-mile  path  extended  from  Oswego  to  Joliet  and  caused  $165  million  in  dam¬ 
ages.  A  majority  of  the  deaths  and  injuries  from  this  event  occurred  in  Plainfield. 

The  number  of  injuries  per  year  in  Illinois  (Figure  3)  is  strongly  related  with  fatalities  per 
year.  Illinois  experiences  about  82  injuries  per  year.  However,  a  large  portion  of  the  inju¬ 
ries  occurred  in  relatively  few  of  the  events,  namely  the  Boone  and  Cook  County  torna¬ 
does  of  1967  and  in  the  Plainfield  tornado  of  1990. 

Monthly  Statistics 

Figure  4  shows  the  distribution  of  tornadoes,  fatalities,  and  injuries  by  month.  Tornado 
season  in  Illinois  is  generally  considered  to  start  in  March  and  continue  through  the  warm 
season.  Even  so,  tornadoes,  fatalities,  and  injuries  have  occurred  in  every  month  of  the 
year.  Most  of  the  winter  events  have  occurred  in  southern  Illinois  where  warmer  tem¬ 
peratures  prevail  and  thunderstorms  are  still  prevalent.  Most  of  the  tornadoes  in  Illinois 
occur  in  the  peak  months  of  April,  May,  and  June,  some  63%  of  the  annual  total.  All 
three  tornado  statistics  (frequency,  fatalities,  and  injuries)  peak  in  April,  the  most  danger¬ 
ous  month  in  Illinois.  Both  fatalities  and  injuries  decline  more  rapidly  than  the  total  tor¬ 
nado  frequency  in  May  and  June.  Fatalities  and  injuries  reach  a  secondary  peak  in  August 
that  is  due  to  the  August  28,  1990,  Plainfield  event. 

Hourly  Statistics 

Figure  5  shows  the  distribution  of  tornadoes,  fatalities,  and  injuries  by  hour  of  the  day. 
The  frequency  of  tornadoes  is  low  between  midnight  and  10  am  before  rising  into  the 
mid-afternoon  to  early-evening  hours.  The  frequency  declines  through  the  remainder  of 
the  evening  hours.  The  number  of  fatalities  and  injuries  follow  the  number  of  tornadoes 
by  remaining  low  in  the  morning  and  then  increasing  into  the  afternoon  hours.  While  the 
number  of  tornadoes  gradually  declines  after  5  pm,  the  frequency  of  fatalities  and  injuries 
decline  much  more  rapidly.  In  fact,  152  of  the  189  deaths  (80%)  documented  in  this  study 
occurred  between  2  and  5  pm,  which  is  similar  to  the  national  statistics  in  Kelly  et  al. 
(1978).  The  explanation  for  this  appears  to  be  that  a  majority  of  the  stronger  tornadoes 
(F3  or  greater)  occur  during  this  time  of  day  and  most  deaths  and  injuries  are  associated 
with  the  stronger  events  (see  next  section). 

Statistics  by  F-scale 

Table  2  shows  the  distribution  of  tornadoes  (expressed  as  a  percentage),  average  number 
of  fatalities  per  storm,  and  average  number  of  injuries  per  storm  for  each  level  of  the  F- 
scale.  F-0  tornadoes  are  the  most  common  tornadoes  in  Illinois  with  F-l  tornadoes  being 
only  slightly  less  frequent.  These  two  categories  account  for  70%  of  all  tornadoes  in  Illi¬ 
nois,  yet  the  risk  to  death  or  injury  is  very  small.  F-2  tornadoes  are  less  common  than  F-0 
and  F-l  events.  However,  the  risk  begins  to  become  noticeable.  The  frequency  declines 
rapidly  for  tornadoes  stronger  than  F-2.  However,  the  risk  of  death  and  injury  increases 
rapidly.  F-5  events  account  for  only  one-tenth  of  a  percent  of  all  tornadoes  between  1950 
and  1998  while  causing  an  average  of  15  deaths  and  178  injuries.  The  frequency  of  tor- 
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nadoes  and  deaths  in  each  category  of  the  F-scale  agrees  with  the  nation-wide  results  in 
Kelly  et  al.  (1978). 

Figure  6  shows  the  number  of  tornadoes  by  month  for  two  classes.  After  examining  the 
relationship  between  F-scale  and  deaths/injuries  (Table  2),  it  was  decided  to  group  torna¬ 
does  into  “non-destructive”  (F-0  to  F-2)  and  “destructive”  (F-3  to  F-5)  categories.  The 
preponderance  of  tornadoes  in  Illinois  falls  into  the  “non-destructive”  category.  April, 
May,  and  June  all  experience  a  high  number  of  these  events,  accounting  for  63%  of  the 
total.  This  is  followed  by  a  sharp  drop  in  July.  After  rising  slightly  in  August,  the  fre¬ 
quency  of  “non-destructive”  tornadoes  drops  through  October.  Surprisingly,  they  increase 
in  frequency  in  November  before  declining  through  the  winter  months.  However,  most  of 
the  events  in  the  colder  months  are  confined  to  southern  Illinois. 

The  monthly  pattern  for  “destructive”  tornadoes  is  different  in  some  respects.  April  is  the 
most  active  month,  with  37  events  compared  to  16  in  May  and  13  in  June.  Referring  back 
to  Figure  4,  between  April  and  May  deaths  and  injuries  dropped  by  77  and  71  percent 
respectively,  while  the  number  of  “destructive”  tornadoes  dropped  by  57  percent. 
Between  May  and  June  both  deaths  and  injuries  dropped  by  another  50  percent  while  the 
number  of  “destructive”  tornadoes  dropped  by  only  19  percent.  From  June  to  July,  deaths 
dropped  by  80  percent,  injuries  by  67  percent,  and  “destructive”  tornadoes  by  62  percent. 
The  decline  in  deaths  and  injuries  after  April  is  clearly  related  to  the  drop  in  the  number 
of  “destructive”  tornadoes.  However,  the  drop  in  deaths  and  injuries  occurs  at  a  faster  rate 
from  April  to  May  and  from  May  to  June  than  do  the  concurrent  drops  in  “destructive” 
tornadoes.  One  factor  for  this  may  be  an  improved  public  response  to  National  Weather 
Service  watches  and  warnings  once  the  tornado  season  is  underway.  As  with  the  “non¬ 
destructive”  tornadoes,  the  frequency  of  “destructive”  tornadoes  drops  off  in  July  to 
September  and  is  negligible  in  October.  November  also  is  marked  by  low  frequencies. 
However,  December  shows  a  significant  increase  in  frequency  before  tapering  off  again 
in  the  remaining  winter  months.  The  spike  in  December  is  largely  due  to  an  outbreak  of 
tornadoes  in  southern  Illinois  on  December  18,  1957. 

Figure  7  shows  the  relationship  between  path  length  and  F-scale.  F-0  events  are  relatively 
short-lived,  lasting  about  1.6  km  (1  mile)  on  average.  Path  length  increases  dramatically 
with  F-scale,  reaching  a  maximum  of  35  km  (22  miles)  at  F-4.  The  path  length  drops  in 
half  for  F-5  tornadoes.  It  remains  unclear  as  to  why  this  is  the  case,  but  it  could  be  the 
result  of  the  small  sample  size  of  F-5  tornadoes.  Grouping  path  length  into  three  catego¬ 
ries,  Kelly  et  al.  (1978)  found  a  similar  relationship  where  stronger  tornadoes  frequently 
had  longer  lengths. 

Figure  8  shows  the  strong  positive  relationship  between  path  width  and  F-scale.  An  F- 
scale  from  0  to  2  yields  relatively  small  tornadoes,  increasing  by  30  meters  (100  feet)  per 
increment  in  the  scale.  A  large  increase  in  width  occurs  at  F-3,  three  times  the  average  of 
F-2  tornadoes.  The  width  increased  by  another  20%  for  F-4  and  F-5  events.  The  jump  in 
size  at  F-3  may  help  explain  why  there  is  a  concurrent  jump  in  the  number  of  deaths  and 
injuries  involved  in  tornadoes  (Table  2).  By  cutting  such  a  wide  swath  and  over  a  longer 
path  (as  shown  in  Figure  7),  their  chances  of  hitting  occupied  structures  are  greatly 
increased.  Combined  with  their  higher  wind  speeds,  it  is  no  surprise  that  the  most  serious 
threat  is  from  the  larger  events. 
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SUMMARY 

Tornado  statistics  covering  the  period  of  1950  to  1998  were  used  to  examine  tornado  fre¬ 
quency,  deaths,  and  injuries  by  year,  month,  and  time  of  day.  Tornado  frequency  has 
increased  over  time.  However,  there  was  no  trend  in  the  number  of  stronger  tornadoes  (F- 
1  or  greater),  suggesting  that  the  trend  is  the  result  of  more  F-0  tornadoes  being  reported 
in  recent  years.  No  trends  are  evident  in  the  number  of  deaths  and  injuries  over  time 
despite  the  trend  in  total  tornado  frequency,  providing  further  evidence  that  the  trend  in 
total  tornado  frequency  is  an  artifact  of  the  data  collection  process. 

On  a  monthly  basis,  April  is  the  month  with  the  most  tornadoes,  fatalities,  and  injuries. 
While  tornado  frequency  remains  high  in  May  and  June,  deaths  and  injuries  decrease 
rapidly.  This  drop  is  due  primarily  to  the  concurrent  drop  in  strong  tornadoes  that  are 
known  to  cause  most  of  the  casualties.  However,  the  fact  that  the  death  and  injury  rates 
drop  more  rapidly  than  the  frequency  of  intense  tornadoes  suggests  that  the  precautions 
and  responses  by  the  public  to  tornadoes  may  be  increasing  as  the  season  progresses.  This 
pattern  suggests  that  increased  public  awareness  as  the  season  progresses  has  reduced  the 
toll  on  human  life.  Tornadoes  are  most  likely  to  occur  in  the  afternoon  or  early  evening 
hours  with  80%  of  the  fatalities  occurred  between  2  and  5  pm. 

An  examination  of  frequency,  deaths,  and  injuries  reveals  that  F-0  tornadoes  are  the  most 
numerous  and  least  deadly  in  Illinois.  On  the  other  end  of  the  scale,  F-5  tornadoes  are  the 
rarest  and  most  deadly.  F-0  tornadoes  have  the  narrowest  widths  and  the  shortest  paths. 
F-4  tornadoes  have  the  largest  widths  and  longest  paths.  F-5  tornadoes  tend  to  have 
smaller  widths  and  paths  than  F-4  tornadoes.  However  the  number  of  F-5  events  in  the 
record  (2  events)  is  too  small  for  reliable  statistics. 

Finally,  this  study  shows  that  more  public  education  is  needed  earlier  in  the  spring,  pref¬ 
erably  before  April,  the  most  dangerous  month  in  the  tornado  season.  There  appears  to  be 
some  indirect  evidence  that  a  re-education  process  is  occurring  each  year  once  the  tor¬ 
nado  season  begins  in  earnest. 
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Table  1.  Fujita  or  F-scale  categories  used  to  define  tornado  strength. 


Scale  Wind  Speed  Typical  Damage 


18-32  m/s 
(40-72  mph) 


Tree  branches  broken 


F-l 


33-50  m/s 
(73-1 12  mph) 


Mobile  homes  pushed  off  foundations 


F-2 


51-70  m/s 
(113-157  mph) 


Considerable  damage,  mobile  homes  demolished,  trees  uprooted 


F-3 


71-92  m/s 
(158-205  mph) 


Roofs  and  walls  blown  down,  cars  thrown 


F-4 


93-1 16  m/s 
(207-260  mph) 


Well -constructed  buildings  leveled 


F-5 


117-142  m/s 
(261-318  mph) 


Massive  destruction,  autos  thrown  as  far  as  100  meters 


Table  2.  Distribution  of  number  of  storms,  average  number  of  fatalities  per  storm,  and 
average  number  of  injuries  per  storm  for  each  level  of  the  Fujita  scale. 

F-scale  Number  of  Storms  and  Average  Fatalities  Average  Injuries 

Percent  of  Total  per  Storm  per  Storm 


517(37.2%) 

0.004 

0.02 

454  (32.7%) 

0.019 

0.46 

298  (21.5%) 

0.045 

2.38 

91  (6.6%) 

0.409 

8.73 

26(1.9%) 

3.846 

77.19 

2(0.1%) 

15.000 

178.00 

5 
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Figure  1.  Distribution  of  tornadoes  by  year  in  Illinois,  1950-1998. 
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Figure  2.  Illinois  tornado- related  fatalities  per  year,  1950-1998. 


Year 


172 


Figure  3.  Illinois  tornado-related  injuries  per  year,  1950-1998. 


Year 


Figure  4.  Monthly  distribution  of  tornadoes,  related  fatalities,  and  injuries  in  Illinois, 
1950-1998. 
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Figure  5.  Hourly  distribution  of  tornadoes,  related  fatalities,  and  injuries  in  Illinois, 
1950-1998. 
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Figure  6.  Number  of  “non-destructive”  (F-0  to  F-2)  tornadoes  and  “destructive”  (F-3  to 
F-5)  tornadoes  in  Illinois  by  month,  1950-1998. 
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Figure  7.  Relationship  between  tornado  path  length  and  F-scale  in  Illinois,  1950-1998. 


0  1  2  3  4  5 


F-scale 


Figure  8.  Relationship  between  tornado  path  width  and  F-scale  in  Illinois,  1950-1998. 
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ABSTRACT 

Thin  Middle  Pennsylvanian  (Desmoinesian)  cyclic  strata,  include  underclays,  coals,  black 
phosphatic  shales,  limestones,  sandy  mudstones,  and  sandstones  crop  out  in  much  of 
northeastern  Missouri.  These  strata  were  deposited  disconformably  on  a  platform  under¬ 
lain  by  Middle  Mississippian  limestones  that  connected  the  Forest  City  Basin  to  the 
northwest  with  the  Illinois  Basin  to  the  east.  The  platform  is  broken  into  a  series  of  rigid 
crustal  blocks  by  northwest  and  northeast  trending  lineaments  that  are  interpreted  as 
basement  fault  zones  that  are  related  to  late  Precambrian-early  Cambrian  rifting  of  the 
Rodinia  supercontinent. 

The  strata  thicken  and  thin  abruptly  in  a  number  of  paleolows  (depositional  centers)  and 
paleohighs  (areas  of  thinning)  that  are  unrelated  to  regional  patterns.  Six  depositional 
models:  irregularities  on  the  pre-Pennsylvanian  erosion  surface,  onlap  and  convergence, 
offlap  and  erosion,  differential  compaction,  folding  during  deposition,  and  fault  block 
tectonics,  are  possible  causes  of  the  thickness  anomalies.  Comparisons  of  thickness  val¬ 
ues,  isopach  maps  and  trend  surface  maps  of  individual  stratigraphic  units  reveal  that 
fault  block  tectonics  is  the  most  likely  model.  Thus,  minor  uplift,  depression,  or  tilting  of 
adjacent  crustal  blocks  was  the  primary  cause  of  the  abrupt  thickness  changes. 


INTRODUCTION 

The  area  of  study  in  northeastern  Missouri  is  underlain  by  Middle  Pennsylvanian  (Des¬ 
moinesian)  strata  of  the  Cherokee  and  Marmaton  Groups  (figures  1  and  2)  that  consist  of 
widespread,  thin  units  of  marine  transgressive  and  regressive  cyclic  sequences  (Searight 
1959).  The  principal  rock  types  include  underclays,  coals,  phosphatic  shales,  calcareous 
shales,  and  limestones  (calcilutites).  Sandstones  and  sandy  shales  are  confined  to  the 
Lagonda  and  Fort  Scott  Formations  (figure  2).  Individual  facies  were  deposited  in  envi¬ 
ronments  in  which  energy  levels  varied  greatly  as  follows:  1)  very  low  -  underclays,  coals 
and  black  phosphatic  shales;  2)  low  -  limestones  and  calcareous  shales;  and  3)  moderate 
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to  high  -  sandstones  and  sandy  mudstones.  Individual  members  range  in  thickness  from 
one  to  two  centimeters  to  approximately  10  meters.  Contacts  between  facies  are  sharp 
except  for  the  sandstones  and  sandy  mudstones  which  grade  into  one  another.  The  area 
of  study  is  relatively  small,  approximately  23,300  km".  Thus,  marine  transgressions  and 
regressions  must  have  been  rapid  enough  that  the  surfaces  on  which  the  coals,  black 
phosphatic  shales,  and  limestones  are  essentially  synchronous. 

The  pre-Pennsylvanian  surface  represents  a  long  period  of  weathering,  erosion,  and 
development  of  karst  features  on  Middle  Mississippian  (Osagean)  limestones.  The  oldest 
Pennsylvanian  rocks  are  chert  pebble  conglomerates  that  were  derived  from  reworked 
Mississippian  residuum  that  filled  stream  channels  and  sinks  on  the  pre-Pennsylvanian 
erosional  surface.  The  Cheltenham  Clay  overlies  the  chert  pebble  conglomerates  and 
essentially  filled  in  the  remaining  paleotopographic  features  on  the  pre-Pennsylvanian 
surface.  All  post-Cheltenham  strata  were  deposited  as  conformable  succession.  Searight 
(1959)  indicated  that  a  number  of  the  lithologies  from  the  interval  between  the  Chelten¬ 
ham  Clay  and  the  underclay  of  the  Croweburg  Coal  in  southwestern  Missouri  are  absent 
in  northeastern  Missouri.  During  this  part  of  Pennsylvanian  time,  northeastern  Missouri 
was  sufficiently  elevated  so  that  the  Tebo  Coal  and  its  underclay,  and  the  Tiawah  Lime¬ 
stone  were  deposited  in  several  scattered  depositional  centers.  The  missing  cycles  are 
represented  by  moderate  thickening  of  the  underclays  of  the  Tebo,  Croweburg,  Bevier- 
Wheeler,  and  Mulky  Coals.  Regionally,  the  Pennsylvanian  section  has  been  deeply 
eroded.  It  has  been  completely  removed  in  many  modern  stream  valleys.  Where  pre¬ 
served,  the  combined  thickness  of  post-Cheltenham  strata  ranges  from  2  to  40  m. 

TECTONIC  SETTING 

The  major  tectonic  features  in  Missouri  are  the  Ozark  Uplift,  the  Mississippi  Embayment, 
and  the  Forest  City  Basin  (figure  3).  Searight  and  Searight  (1961)  divided  the  northern 
and  western  flanks  of  the  Ozark  Uplift  into  structural  segments  based  on  the  age  of  the 
youngest  strata  preserved  at  the  surface.  From  southwest  to  northeast  these  are:  1)  Tri- 
State  Plateau,  2)  West-Central  Salient,  3)  East-Central  Recess,  and  4)  Lincoln  Fold.  In 
the  East-Central  Recess  (the  area  of  study),  strata  younger  than  the  Mulky  Coal  overlap 
older  Pennsylvanian  units  southeastward  onto  the  Ozark  Uplift  and  northeastward  on  to 
the  flank  of  the  Lincoln  Fold.  On  both  the  West-Central  Salient  and  Lincoln  Fold  the 
youngest  indurated  rocks  preserved  are  pre-Pennsylvanian  in  age.  Pennsylvanian  strata 
do  not  pinch  out  on  these  bordering  structural  features  and  therefore,  must  have  originally 
covered  the  entire  northern  flank  of  the  Ozark  Uplift.  During  Desmoinesian  time,  the 
East-Central  Recess  was  a  gradually  subsiding  platform  that  connected  the  Forest  City 
Basin  with  the  Illinois  Basin  through  the  St.  Louis  Depression. 

Kisvarysani  and  Kisvarysani  (1976)  identified  a  number  of  lineaments  in  Missouri  based 
on  interpretation  of  Land  Sat  1 1  imagery.  Several  of  these  lineaments  cross  the  East- 
Central  Recess  in  northwest  and  northeast  trends  (figure  4).  The  distribution  of  Des¬ 
moinesian  strata  (figure  1)  has  a  striking  affinity  with  these  lineaments.  A  major  linea¬ 
ment  forms  the  southwestern  boundary  of  the  East-Central  Recess.  The  Lincoln  Fold  is 
in  part  faulted  and  may  also  be  a  lineament  that  was  not  apparent  on  the  Land  Sat  1 1 
images.  In  addition,  the  outcrop  patterns  in  figure  1  strongly  suggest  that  there  are  sev¬ 
eral  additional  lineaments  in  the  area. 
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Clendenin  and  others  (1989)  interpret  the  structural  framework  of  southeastern  Missouri 
as  a  late  Proterozoic-early  Cambrian  system  of  northwest-striking  transfer  faults  and 
northeast-striking  extensional  faults  that  developed  during  the  rifting  of  the  Rodinia 
supercontinent.  Through  time,  rigid  crustal  blocks  separated  by  these  fault  systems  were 
structurally  elevated  and  depressed  (figure  5).  They  concluded  that  during  Late  Cam¬ 
brian  time  the  faults  were  reactivated  and  extended  northwestward  across  the  mid-conti¬ 
nent  region  producing  a  series  of  major  lineaments.  Gibbons  (1974)  indicated  that  uplift 
and  tilting  of  blocks  bounded  by  basement  faults  was  the  major  tectonic  mechanism  of 
deformation  in  the  Ozark  region  throughout  the  Paleozoic  Era.  Clendenin  and  others 
(1989)  are  in  agreement  with  Gibbons  and  identify  several  specific  episodes  of  activity 
on  the  fault  system.  One  of  the  most  important  of  these  episodes  of  activity  was  related 
to  the  Ouachita  Orogeny  during  Late  Mississippian  through  Late  Pennsylvanian  time. 
The  deposition  of  the  rocks  addressed  during  this  study  occurred  during  this  time. 

Projection  of  the  major  transfer  faults  of  Clendenin  and  others  (1989)  from  southeastern 
Missouri  into  northern  Missouri  coincides  closely  with  several  of  the  northwest  trending 
lineaments  recognized  by  Kisvarysani  and  Kisvarysani  (1976)  and  appear  to  be  exten¬ 
sions  of  them  (figure  5).  It  is  likely  that  the  northeast  trending  lineaments  in  northern 
Missouri  are  extensions  of  these  faults.  The  deposition  of  Cherokee  and  Marmaton  strata 
were  substantially  influenced  by  the  elevation,  depression,  or  tilting  of  these  rigid,  fault- 
bounded  crustal  blocks. 

Superimposed  on  the  fault  block  framework  of  northeastern  Missouri  are  a  number  of 
broad  anticlines  and  synclines  with  northwest  and  northeast  trends  (figure  4).  These 
structures  range  in  length  from  10  to  60  kilometers  and  have  closures  of  between  10  to 
30  meters.  Dips  on  the  flanks  are  generally  less  than  10  degrees  although  dips  as  high  as 
35  degrees  occur  locally.  These  folds  have  been  noted  by  several  previous  workers: 
Winslow  (1891),  Gordon  (1893),  Hinds  (1912),  Hinds  and  Greene  (1915),  Marbut 
(1898),  Markham  (1919),  Groskopf  ,  and  others.  (1939),  Barrett  (1940),  Branson  (1944), 
Griggs  (1940),  Allen  (1941),  McQueen  (1943),  Unklesbay  (1952,  1956),  Searight  (1959), 
and  McCracken  (1971).  The  trends  of  these  folds  are  parallel  to  the  principal  lineaments 
and  most  occur  along  or  near  them.  These  structures  are  interpreted  to  be  drape  folds  over 
the  boundaries  of  adjacent  crustal  blocks.  All  Desmoinesian  rocks  are  folded,  indicating 
that  at  least  the  final  episode  of  folding  was  post-  Desmoinesian  in  timing. 

THICKNESS  ANALYSIS  OF  LITHOLOGIC  UNITS 

Seventeen  individual  lithologic  units  underlie  much  of  the  study  area  (figure  2).  These, 
from  the  base  upward  are:  1)  Tiawah  Limestone,  2)  underclay  of  the  Croweburg  Coal,  3) 
Croweburg  Coal,  4)  Mecca  Quarry  Shale,  5)  Ardmore  Limestone  (several  limetones 
interbedded  with  calcareous  shales),  6)  underclay,  7)  Wheeler  and  Bevier  Coals,  8) 
Lagonda  Formation  (sandstone  and  sandy  mudstones),  9)  underclay,  10)  Mulky  Coal,  1 1) 
Excello  Shale,  12)  Blackjack  Creek  Limestone,  13)  underclay  of  the  Summit  Coal,  14) 
Summit  Coal,  15)  unnamed  black  phosphatic  shale,  16)  Houx  Limestone,  and  17)  Hig- 
ginsvitle  Limestone.  In  addition  the  underclay  and  Tebo  Coal  underlie  the  Tiawah  Lime¬ 
stone  in  a  few  scattered  depositional  centers.  Thicknesses  of  stratigraphic  units  used  in 
the  data  base  for  this  study  were  obtained  from  outcrops,  coal  mine  records,  coal  test 
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borings,  and  the  following  published  sources:  Winslow  (1891),  Hinds  (1912),  Hinds  and 
Greene  (1915),  McQueen  (1943),  Unklesbay  (1952  and  1956),  and  Searight  (1959).  A 
total  of  69  localities  with  reliable  thickness  data  were  identified  (figure  6). 

During  this  study  we  investigated  the  variations  in  thickness  of  all  17  lithologic  units. 
We  found  that  although  the  number  of  localities  in  which  individual  units  occur  vary 
greatly,  the  general  patterns  of  thickening  and  thinning  were  similar  for  each  stratigraphic 
unit.  However,  data  on  strata  below  the  underclay  of  the  Croweburg  Coal  and  above  the 
Blackjack  Creek  Limestone  were  so  limited  that  only  general  thickness  trends  could  be 
established.  The  cycle  that  includes  the  strata  between  the  base  of  the  Lagonda  Formation 
and  the  top  of  the  Blackjack  Creek  Limestone  contains  all  of  the  facies  present  within  the 
study  area  and  has  the  largest  data  base.  Therefore,  we  have  selected  this  interval  for  dis¬ 
cussion.  The  data  base  is  included  as  table  1. 

Thickness  Patterns 

The  cycle  selected  for  discussion  is  composed  of  the  following  lithologic  units  in 
ascending  order:  8)  Lagonda  Formation,  9)  underclay,  10)  Mulky  Coal,  11)  Excello 
Shale,  and  12)  Blackjack  Creek  Limestone.  As  stated  above,  except  for  the  sandstones 
and  sandy  mudstones  in  the  Lagonda  Formation  all  lilithologic  units  are  thin  and  were 
deposited  in  low  energy  environments.  Under  these  conditions  each  facies  should  be  a 
thin  sheet  with  very  gradual  regional  changes  in  thickness.  In  northern  Missouri,  how¬ 
ever,  this  is  not  the  case,  rather  thickness  changes  are  abrupt  and  increase  or  decrease 
from  three  to  five  times  locally.  The  lithologic  characteristics  and  thickness  patterns  of 
the  strata  are  presented  as  table  2. 

We  located  paleolows  (depositional  centers)  and  paleohighs  (areas  of  thinning)  on 
isopach  maps  (figure  7),  trend  surface  maps  (figures  8  and  9).  Comparison  of  the  loca¬ 
tions  of  paleolows  and  paleohighs  on  the  isopach  maps  (figure  7)  shows  that  each 
lithologic  unit  thickens  in  paleolows  and  thins  in  paleohighs  locally,  but  these  localities 
generally  do  not  persist  throughout  the  cycle. 

The  most  striking  thickness  anomaly  occurs  along  a  northeast-southwest  trend  from 
southeastern  Monroe  County  through  central  Callaway  and  Audrain  Counties  to  Ralls 
County  (figure  7).  The  relationship  between  each  lithologic  unit  and  this  trend  is  as  fol¬ 
lows:  8)  Lagonda  Fm.  -  thickens  to  the  southwest;  9)  underclay  -  slight  thickening  to  the 
southwest;  10)  Mulky  Coal  -  thickens  to  the  northeast;  11)  Excello  Shale  -  thickens  to  the 
northeast;  and  12)  Blackjack  Creek  Limestone  -  generally  thick  but  thinner  to  the  north¬ 
east.  This  trend  is  along  and  near  a  major  northeast-southwest  lineament. 

Localities  used  in  the  data  base  in  the  trend  surface  analysis  were  established  by  placing  a 
square  grid  over  the  study  area  with  the  northwest  comer  as  the  generator  of  the  X,Y 
coordinates.  Thicknesses  in  centimeters  of  each  lithologic  unit  were  digitized  for  each 
locality.  Polynomial  and  planar  quadratic  surfaces  were  calculated  from  the  data  base 
following  the  discussions  of  Krumbein  and  Graybill  (1965)  and  Davis  (1986).  Residual 
values  of  90%,  95%,  and  97.5%  were  calculated  for  each  locality  and  used  for  compari¬ 
son.  Analysis  of  these  values  for  each  confidence  level  indicated  that  the  97.5%  level 
was  the  most  discriminating  and  therefore,  only  these  values  are  used  here.  Values 
greater  than  (+),  within  (0),  and  less  than  (-)  the  calculated  values  are  shown  on  figures  8 
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and  9.  These  values  were  plotted  on  maps  (figures  8  and  9)  to  determine  the  locations  of 
paleolows  and  paleohighs.  The  maps  indicate  multiple  paleolows  and  paleohighs  in  the 
same  general  areas  indicated  on  the  isopach  maps. 

DISCUSSION 

Sonnenberg  and  Weimer  (1981)  modeled  five  mechanisms  as  causes  of  thickness 
anomalies  in  large  bundles  of  stratigraphic  units  in  the  northern  part  of  the  Denver  Basin. 
These  are  as  follows:  1)  onlap;  2)  convergence;  3)  offlap  and  erosion;  4)  compaction;  and 
5)  faulting.  They  concluded  that  recurrent  movement  on  basement  faults  was  the  primary 
influence  on  thickness  patterns  in  this  area.  We  tested  each  of  these  models  to  determine 
whether  similar  mechanisms  could  have  influenced  the  depositional  patterns  of  the  thin 
Pennsylvanian  strata  in  northeastern  Missouri.  Because  of  the  tectonic  framework  of  the 
study  area,  we  combined  1)  onlap  and  2)  convergence  and  considered  two  additional 
models:  6)  paleogeography  of  the  pre-Pennsylvanian  surface  and  7)  uplift  and  subsidence 
related  to  folding  during  deposition.  Each  of  these  models  is  considered  in  the  following 
discussion. 

Model  1.  Thickness  Anomalies  Related  to  Paleotopography  of  the  Pre-Pennsylva- 
nian  Erosion  Surface. 

As  discussed  above  the  earliest  Pennsylvanian  sediments,  chert  pebble  conglomerates  and 
the  Cheltenham  Clay,  were  deposited  on  a  Pre-Pennsylvanian  surface  where  they  filled 
valleys  and  sinks  producing  a  surface  of  low  relief.  The  first  Desmoinesian  deposits  are 
clays  deposited  in  a  very  low  energy  environment.  The  isopach  map  (figure  10)  shows 
that  there  is  no  general  pattern  of  thickening  and  thinning  consistent  with  predepositional 
topography. 

Model  2.  Thickness  Anomalies  Related  to  Onlap  and  Convergence 

Sonnenberg  and  Weimer  (1981)  state  that  onlap  results  from  marine  transgression  so  that 
conformable  sedimentary  units  progressively  pinch  out  on  the  margins  of  basins  or  on 
structures  within  a  basin.  They  further  state  that  convergence  is  the  gradual  thinning  of  a 
stratigraphic  unit  locally  which  may  result  in  pinch  out  without  marine  transgression. 
Sedimentary  units  from  the  top  of  the  Cheltenham  Clay  through  the  Lagonda  Formation 
(figure  2)  thin  and  pinch  out  from  southwest  to  northeast.  Although  all  of  the  succeeding 
strata  are  conformable  this  pattern  of  thinning  does  not  persist.  Instead,  the  strata  in  the 
interval  from  the  base  of  the  underclay  of  the  Mulky  Coal  through  the  Blackjack  Creek 
Limestone  progressively  onlap  the  Cheltenham  Clay,  but  do  not  thin  and  pinch  out.  This 
indicates  that  the  depositional  surface  on  the  top  of  the  Cheltenham  Clay  had  a  gradual 
downward  slope  from  northeast  to  southwest.  This  surface  was  gradually  leveled  by 
deposition  of  the  underlying  strata  so  that  the  underclay  of  the  Mulky  Coal  covered  all  of 
northeastern  Missouri.  All  of  the  Pennsylvanian  strata  were  deposited  in  marine  trans¬ 
gressive-regressive  cycles  and  none  of  them  thin  gradually  and  pinch  out  within  the 
North-Central  Recess  during  periods  of  marine  still-stand.  The  scattered  locations  of 
paleolows  and  paleohighs  in  these  units  therefore  cannot  be  related  to  onlap  or  conver¬ 
gence. 
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Model  3.  Thickness  Anomalies  Related  to  Offlap  and  Erosion 

Offlap  and  erosion  result  from  marine  regressions  so  that  in  conformable  sedimentary 
units  each  successively  younger  unit  exposes  a  portion  of  the  immediately  older  unit. 
Erosion  commonly  truncates  all  of  the  units  within  a  conformable  sequence  (Sonnenberg 
and  Weimer  1981).  The  lithologic  units  from  the  base  of  the  Lagonda  Formation  through 
the  Blackjack  Creek  Limestone  are  conformable.  There  is  no  evidence  of  offlap  and  only 
minor  erosion  during  deposition  of  these  units.  This  is  true  of  the  remainder  of  the  strata 
as  well  (Searight  1959). 

Model  4.  Thickness  Anomalies  Related  to  Compaction 

Compaction  is  the  thinning  of  sediments  due  to  the  weight  of  overburden.  The  compac- 
tibility  of  sediments  is  a  function  of  grain  size,  grain  shape,  mineral  composition  of 
grains,  and  the  quantity  of  interstitial  water  present  during  deposition.  Thus,  sediments  of 
the  same  depositional  thickness  that  differ  in  some  or  all  of  these  characteristics  will  have 
greatly  different  thicknesses  after  compaction  (Sonnenberg  and  Weimer  1981).  The 
underclay,  Mulky  Coal,  and  Excello  Shale  are  the  most  compactible  lithologies  in  the 
succession.  The  Blackjack  Creek  Limestone,  deposited  as  a  lime  mud  is  dominantly  a 
calcilutite  recrystallized  to  a  very  fine  crystalline  limestone.  Extreme  compaction  of  this 
generally  thin  lime  mudstone  should  have  produced  complete  recrystalliztion  with  at  least 
moderate  crystal  sizes.  In  addition,  large  fossils  are  moderately  flattened,  but  small  forms 
are  undeformed.  Therefore  the  compaction  of  the  Blackjack  Creek  is  considered  to  be 
moderate.  In  the  Lagonda  Formation,  the  sandstones  are  the  least  compactible  lithologies 
in  the  succession  while  the  sandy  mudstones  are  moderately  compactible.  If  thickening 
and  thinning  of  these  sedimentary  units  is  related  to  differential  compaction,  the  thickest 
deposits  of  limestone  and  sandstone  should  occur  in  localities  in  which  highly  compacti¬ 
ble  units  are  thinnest.  Reference  to  figures  7,  8,  9,  and  10  show  that  this  is  not  the  case. 
Therefore,  differential  compaction  cannot  be  considered  an  important  mechanism  in  the 
location  of  paleolows  and  paleohighs. 

Model  5.  Thickness  Anomalies  Related  to  Folding  During  Deposition 

Folding  during  sedimentation  produces  paleolows  in  synclinal  troughs  and  paleohighs  on 
anticlinal  axis.  If  the  anticlines  and  synclines  in  the  study  area  were  active  during  Des- 
moinesian  time  sedimentary  units  should  thicken  in  the  synclines  and  thin  over  the  anti¬ 
clines.  A  comparison  of  the  locations  of  the  folds  (figure  4)  with  the  isopach  maps  (figure 
7)  and  trend  surface  maps  (figures  8  and  9)  shows  that  this  is  not  the  case.  Some  of  the 
structures  occur  on  the  margins  of  thickness  anomalies  while  others  are  located  well 
away  from  anomalies.  In  addition  thickness  anomalies  cover  areas  generally  much 
broader  than  the  structures.  Thus,  this  model  does  not  adequately  account  for  the  patterns 
of  sedimentation. 

Model  6.  Thickness  Anomalies  Related  to  Fault  Block  Tectonics 

Sonnenberg  and  Weimer  (1981)  define  fault  block  tectonics  as  the  geometric  and 
mechanical  style  of  deformation  in  which  basement  blocks  behave  in  rigid  fashion.  They 
consider  basement  as  "rocks  that  are  mechanically  homogeneous  and  isotropic  and 
behave  in  a  brittle  manner  "When  under  stress  these  basement  rocks  yield  to  brittle 
deformation  that  results  in  rigid  blocks  of  varying  size  and  shape  bounded  by  faults  or 
shear  zones.  As  stated  previously  in  this  discussion  lineaments  in  northeastern  Missouri 
are  considered  to  be  basement  faults  related  to  continental  rifting.  Stress,  which  caused 
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local  uplift,  depression,  and  rotation  of  the  rigid  blocks,  was  transmitted  to  this  area  dur¬ 
ing  the  Ouachita  Orogeny  to  the  south.  A  comparison  of  the  isopach  maps  of  the  Black¬ 
jack  Creek  Limestone  (figures  7A  and  B)  shows  a  strong  correlation  between  thickness 
anomalies  and  the  positions  of  the  lineaments.  The  remaining  isopach  maps  (figures  7C- 
F)  and  the  trend  surface  maps  (figures  8  and  9)  indicate  similar  patterns.  It  is  also  appar¬ 
ent  that  movements  along  certain  lineaments  were  more  instrumental  in  the  localization 
of  paleohighs  and  paleolows  than  were  movements  along  the  remainder.  Of  particular 
note  is  the  northeast  trending  lineament  that  extends  from  central  Callaway  County  into 
southeastern  Monroe  County  that  coincides  with  the  thickness  anomalies  in  this  area. 
Because  the  sedimentary  units  deposited  are  extremely  thin,  the  vertical  or  rotational  dis¬ 
placements  of  block  margins  were  very  small  during  deposition  of  individual  facies. 

Thickness  anomalies  in  the  five  units,  Lagonda  Formation  through  the  Blackjack  Creek 
Limestone,  are  closely  related  to  the  positions  of  major  northwest  and  northeast  trending 
lineaments.  This  relationship  is  supported  by  both  isopach  and  trend  surface  maps.  The 
lineaments  are  interpreted  as  a  fault  system  formed  by  the  rifting  of  Rodinia  Superconti¬ 
nent  in  the  late  Precambrian  that  created  a  collage  of  rigid  crustal  blocks  in  northeastern 
Missouri.  These  blocks  were  displaced  in  small  increments  by  block  fault  tectonics  sev¬ 
eral  times  during  the  Paleozoic.  During  Desmoinesian  time  at  least  some  of  these  crustal 
blocks  were  raised,  depressed,  and  rotated  relative  to  one  another  in  response  to  the  stress 
generated  by  the  Ouachita  Orogeny.  Very  small  displacements  along  block  margins  pro¬ 
duced  small  paleolows  and  paleohighs  that  caused  thickening  and  thinning  of  the  various 
lithologic  units.  Although  a  single  cycle  has  been  considered  in  this  discussion  similar 
facies  in  the  other  Desmoinesian  cycles  have  similar  thickness  patterns. 
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Figure  1.  Location  map  of  the  study  area  showing  the  distribution  of  Desmoinesian 
strata. 
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Figure  2.  Generalized  stratigraphic  column  of  Desmoinesian  strata  exposed  in  the  study 
area. 
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Figure  3.  Principal  structural  features  in  Missouri  (modified  from  Searight  and  Searight, 
1961). 
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Figure  4.  Principal  folds  and  lineaments  in  northeastern  Missouri  (modified  from 
Kisvarysani  and  Kisvarysani,  1976  and  Searight,  1959). 
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Figure  5.  Relationship  between  principal  lineaments  in  northeastern  Missouri  to  major 
fault  zones  in  southeastern  Missouri  (modified  from  Kisvarysani  and  Kisvary- 
sani,  1976  and  Clendenon  and  others,  1989).  A  —  Cap  Au  Gres  Fault;  B  —  Ste. 
Genevieve  Fault;  C  —  Sims  Mountain  Fault;  D  —  Black  Fault;  E  —  Ellington 
Fault;  F  —  Shannon  Fault. 
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Figure  6.  Location  map  of  measured  sections  of  Desmoinesian  strata. 
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Figure  7.  continued. 
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Figure  7.  continued. 
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Figure  8.  Trend  surface  maps  based  on  a  quadratic  polynomial  surface  superimposed  on  lineaments.  A)  Blackjack  Creek  Limestone,  B) 
Excello  Shale,  C)  Mulky  Coal,  D)  Underclay  of  Mulky  Coal,  E)  Lagonda  Formation. 
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Figure  8.  continued. 
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Figure  8.  continued. 
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Figure  9.  Trend  surface  maps  based  on  a  quadratic  planar  surface  superimposed  on  lineaments.  A)  Blackjack  Creek  Limestone,  B)  Excello 
Shale,  C)  Mulky  Coal,  D)  Underclay  of  Mulky  Coal,  E)  Lagonda  Formation. 
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Figure  9.  continued. 
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Figure  9.  continue 
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Figure  10.  Isopach  map  of  the  interval  from  the  base  of  the  underclay  of  the  Croweburg 
coal  through  the  Ardmore  limestone. 
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Figure  11.  Comparison  of  thickness  anomalies  of  the  highly  compactible  underclay  of  the 
Mulky  Coal,  Mulky  Coal,  and  Excello  Shale  with  the  less  compactible 
Blackjack  Creek  Limestone. 


200 


Table  1.  Data  Table  for  the  Lagonda-Blackjack  Creek  Section.  Index  to  numbers  of 
stratigraphic  units:  8  =  Lagonda  Formation,  9  =  Underclay  of  the  Mulky  Coal, 
10  =  Mulky  Coal,  1 1  =  Excello  Shale,  12  =  Blackjack  Creek  Limestone.  PO  = 
Polynomial  quadratic  trend  surface,  PL  =  Planar  trend  surface,  +  =  greater  than 
predicted  value,  0  =  within  predicted  value,  -  =  less  than  predicted  value.  *  = 
Data  from  Searight,  1959;  #  =  data  from  Hinds,  1912. 


Locality 

Stratigraphic  Unit 

Thickness  (cm) 

PO 

PL 

!l*  SW1/4  SE1/4  sec.  18,  T57N,  R14W, 

12 

91.4 

+ 

- 

Macon  County,  MO 

11 

121.9 

0 

- 

10 

45.7 

+ 

+ 

9 

167.6 

+ 

+ 

8 

411.5 

+ 

0 

2*  SE1/4  SW1/4  sec.  18,  T57N,  R13W, 

12 

53.3 

0 

- 

Macon  County,  MO 

11 

55.9 

+ 

- 

3#  NW1/4  sec.  27,  T57N,  R15W, 

12 

91.4 

+ 

- 

Macon  County,  MO 

11 

152.4 

+ 

0 

10 

45.7 

+ 

+ 

9 

ND 

ND 

8 

594.4 

+ 

+ 

4*  SE1/4  NE1/4  sec.  12,  T56N,  R15W, 

12 

91.4 

+ 

- 

Macon  County,  MO 

11 

162.6 

+ 

+ 

10 

40.6 

+ 

+ 

9 

106.7 

+ 

+ 

8 

525.8 

+ 

+ 

5#  NW1/4  SW1/4  sec.  8,  T56N,  R14W, 

12 

106.7 

+ 

- 

Macon  County,  MO 

11 

121.9 

+ 

- 

10 

61.0 

+ 

+ 

9 

ND 

ND 

8 

335.3 

0 

- 

6#  NW1/4  SE1/4  sec.  31,  T57N,  R13W, 

10 

66.0 

+ 

+ 

Macon  County,  MO 

9 

152.4 

+ 

+ 

8 

61.0 

- 

- 

7*  SW1/4  SE1/4  sec.  9,  T56N,  R13W, 

12 

71.0 

0 

- 

Macon  County,  MO 

11 

111.8 

+ 

- 

10 

27.9 

0 

- 

9 

55.9 

0 

- 

8 

73.7 

- 

- 

8*  El/2  SE1/4  sec.  13,  T56N,  R15W, 

12 

50.8 

0 

- 

Macon  County,  MO 

11 

157.5 

+ 

0 

10 

15.1 

0 

- 

9 

71.1 

+ 

- 

8 

320.0 

0 

- 

9#  NW1/4  SW1/4  sec.  17,  T56N,  R14W, 

10 

55.9 

+ 

+ 

Macon  County,  MO 

9 

ND 

ND 

8 

579.0 

+ 

+ 

10*  NE1/4  NW1/4  sec.  30,  T56N,  R14W, 

12 

91.4 

+ 

- 

Macon  County,  MO 

11 

160.0 

+ 

+ 

10 

50.8 

+ 

+ 

9 

139.7 

+ 

+ 

8 

411.5 

+ 

0 

11*  NW1/4  NE1/4  sec.  18,  T56N,  R14W, 

12 

106.7 

+ 

- 

Macon  County,  MO 

11 

139.7 

+ 

0 

10 

55.9 

+ 

+ 

9 

101.6 

+ 

0 

8 

807.7 

+ 

+ 

12*  sec.  29,  T56N,  R14W, 

12 

170.2 

+ 

+ 

Macon  County,  MO 

11 

167.6 

+ 

+ 
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Table  1.  continued. 


Locality 

Stratigraphic  Unit 

Thickness  (cm) 

PO 

PL 

13#  NE1/4  NW1/4  sec.  29,  T56N,  R13W, 

12 

124.5 

0 

0 

Macon  County,  MO 

11 

188.0 

+ 

+ 

10 

38.1 

+ 

+ 

9 

53.3 

0 

- 

8 

152.4 

0 

- 

14#  SE1/4  NW1/4  sec.  18,  T56N,  R13W, 

12 

91.4 

0 

- 

Macon  County,  MO 

11 

172.7 

+ 

+ 

10 

45.7 

+ 

+ 

9 

91.4 

0 

0 

8 

157.5 

0 

- 

15#  SW1/4  SE1/4  sec.  15,  T56N,  R13W, 

12 

94.0 

0 

- 

Macon  County,  MO 

10 

7.6 

0 

- 

8 

459.1 

0 

+ 

16#  sec.  5,T55N,R14W, 

12 

121.9 

+ 

0 

Randolph  County,  MO 

11 

61 

+ 

- 

10 

38.1 

+ 

+ 

9 

30.5 

0 

- 

8 

243.8 

0 

- 

17#  sec.  36,  T55N,  R16W, 

12 

91.5 

0 

- 

Randolph  County,  MO 

11 

45.7 

0 

- 

8 

975.4 

+ 

+ 

18*  sec.  15,  T54N,  R15W, 

8 

1353.1 

0 

- 

Randolph  County,  MO 

19*  SE1/4  NE1/4  sec.  8,  T54N,  R14W, 

12 

137.2 

+ 

0 

Randolph  County,  MO 

11 

139.7 

+ 

0 

20*  sec.  36,  T54N,  R15W, 

12 

61.0 

0 

- 

Randolph  County,  MO 

11 

121.9 

+ 

- 

10 

45.7 

+ 

+ 

9 

61.0 

0 

- 

21*  SE1/4  SW1/4  sec.  27,  T54N,  R14W, 

12 

137.2 

+ 

0 

Randolph  County,  MO 

11 

152.4 

+ 

0 

10 

45.7 

+ 

+ 

9 

15.2 

0 

- 

8 

609.6 

+ 

+ 

22*  SW1/4  SE1/4  sec.  27,  T54N,  R14W, 

12 

116.8 

0 

0 

Randolph  County,  MO 

23*  NW1/4  SE1/4  sec.  29,  T53N,  R14W, 

12 

61.0 

0 

- 

Randolph  County,  MO 

24*  SW1/4  NE1/4  sec.  31,  T53N,  R13W, 

12 

106.7 

0 

- 

Randolph  County,  MO 

11 

61.0 

0 

- 

10 

45.7 

+ 

+ 

9 

457.2 

+ 

+ 

8 

129.5 

0 

- 

25#  SW1/4  SW1/4  sec.  16,  T52N,  R14W, 

12 

61.0 

0 

- 

Randolph  County,  MO 

11 

30.5 

0 

- 

10 

30.5 

0 

- 

9 

30.5 

0 

0 

8 

812.8 

+ 

+ 

26#  NW1/4  NE1/4  sec.  35,  T52N,  R14W, 

12 

61.0 

0 

- 

Randolph  County,  MO 

11 

30.5 

0 

- 

10 

30.5 

0 

- 

9 

ND 

ND 

8 

843.3 

+ 

+ 

27#  sec.  25,  T52N,  R15W, 

12 

152.4 

0 

+ 

Howard  County,  MO 

28#  sec.  10,  T51N,  R14W, 

12 

76.2 

0 

- 

Howard  County,  MO 
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Table  1.  continued. 


Locality 

Stratigraphic  Unit 

Thickness  (cm) 

PO 

PL 

29*  SE1/4  NW1/4  sec.  10,  T51N,  R14W, 

12 

76.2 

0 

- 

Howard  County,  MO 

11 

15.2 

0 

- 

10 

2.5 

0 

- 

9 

101.6 

0 

0 

8 

1112.5 

+ 

+ 

30#  NE1/4  NW1/4  sec.  17,  T51N,  R14W, 

12 

50.8 

0 

- 

Howard  County,  MO 

31*  SW1/4  sec.  36,  T51N,  R12W, 

8 

457.2 

0 

- 

Boone  County,  MO 

32*  SW1/4  SW1/4  sec.  11,  T50N,  R13W, 

12 

106.7 

0 

- 

Boone  County,  MO 

11 

66.0 

0 

- 

10 

0.6 

0 

- 

9 

61.0 

0 

+ 

33*  SE1/4  NW1/4  sec.  13,  T50N,  R13W, 

12 

50.8 

0 

- 

Boone  County,  MO 

34*  SE1/4  NE1/4  sec.  1,  T49N,  R13W, 

8 

726.4 

0 

+ 

Boone  County,  MO 

35#  NE1/4  NW1/4  sec.  8,  T49N,  R12W, 

12 

76.2 

0 

- 

Boone  County,  MO 

11 

198.1 

0 

+ 

8 

548.6 

0 

+ 

36#  sec.  19,  T49N,  R12W, 

12 

61.0 

0 

- 

Boone  County,  MO 

37*  NW1/4  NE1/4  sec.  27,  T49N,  R12W, 

8 

342.9 

0 

- 

Boone  County,  MO 

38*  NE1/4  WW1/4  sec.  8,  T48N,  R12W, 

12 

45.7 

0 

- 

Boone  County,  MO 

11 

91.4 

0 

- 

10 

2.5 

0 

- 

9 

129.5 

0 

+ 

8 

1 196.3 

+ 

+ 

39#  sec.  12,  T48N,  R10W, 

12 

55.9 

0 

- 

Callaway  County,  MO 

11 

0.0 

0 

- 

10 

0.0 

0 

- 

9 

45.7 

0 

- 

8 

563.9 

0 

+ 

40#  sec.  24,  T48N,  R10W, 

12 

55.9 

0 

- 

Callaway  County,  MO 

11 

0.0 

0 

- 

10 

0.0 

0 

- 

9 

45.7 

0 

- 

8 

853.4 

0 

+ 

41#  sec.  16,  T48N,  R9W, 

12 

365.8 

+ 

+ 

Callaway  County,  MO 

11 

243.8 

0 

+ 

10 

22.9 

0 

- 

42#  sec.  28,  T48N,  R9W, 

12 

457.2 

+ 

+ 

Callaway  County,  MO 

11 

121.9 

0 

- 

10 

38.1 

0 

+ 

43*  NW1/4  NW1/4,  sec.  17,  T48N,  R8W, 

12 

243.8 

0 

+ 

Callaway  County,  MO 

11 

264.2 

+ 

+ 

10 

5.1 

- 

- 

9 

76.2 

0 

- 

44*  SW 1  /4  NW 1  /4  sec.  6,  T47N,  R 1 0W, 

12 

45.7 

0 

_ 

Callaway  County,  MO 

11 

30.5 

0 

- 

10 

0.6 

0 

- 

9 

81.3 

0 

- 

8 

429.3 

0 

0 

45#  SE1/4  NW1/4  sec.  13,  T47N,  R1 1W, 

12 

45.7 

0 

_ 

Callaway  County,  MO 
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Table  1.  continued. 


Locality 

Stratigraphic  Unit 

Thickness  (cm) 

PO 

PL 

46#  NE1/4  NE1/4  sec.  36,  T47N,  R9W, 

Callaway  County,  MO 

8 

335.3 

0 

- 

47*  SE1/4  SE1/4  sec.  17,  T47N,  R9W, 

12 

335.3 

+ 

+ 

Callaway  County,  MO 

11 

132.1 

0 

0 

10 

2.5 

- 

- 

9 

27.9 

0 

- 

48#  NE1/4  NE1/4  sec.  13,  T47N,  R9W, 

12 

487.7 

+ 

+ 

Callaway  County,  MO 

11 

45.7 

- 

- 

10 

1.3 

- 

- 

9 

30.5 

0 

- 

8 

533.4 

0 

+ 

49*  SW1/4  SW1/4  sec.  1,  T46N,  R10W, 

12 

365.8 

+ 

+ 

Callaway  County,  MO 

11 

218.4 

0 

+ 

10 

5.0 

0 

- 

9 

142.0 

0 

+ 

8 

749.3 

0 

+ 

50*  NW1/4  NW1/4  sec.  7,  T46N,  R9W, 

12 

91.4 

0 

- 

Callaway  County,  MO 

11 

61.0 

- 

- 

10 

5.1 

- 

- 

9 

134.6 

0 

+ 

8 

520.7 

0 

+ 

51*  sec.  25,  T49N,  R7W, 

11 

121.9 

- 

- 

Callaway  County,  MO 

10 

38.1 

0 

+ 

52*  SW1/4  SE1/4  sec.  4,  T49N,  R6W, 

12 

121.9 

0 

0 

Montgomery  County,  MO 

11 

340.4 

0 

+ 

10 

10.2 

0 

- 

9 

91.4 

+ 

0 

8 

0.0 

0 

- 

53*  SE1/4  SW1/4  sec.  28,  T50N,  R7W, 

12 

76.2 

- 

- 

Audrain  County,  MO 

11 

365.8 

+ 

+ 

10 

22.9 

0 

- 

9 

61.0 

0 

- 

8 

61.0 

0 

- 

54*  sec.  21,  T51N,  R10W, 

12 

35.6 

0 

- 

Audrain  County,  MO 

11 

198.1 

0 

+ 

10 

1.3 

0 

- 

9 

45.7 

0 

- 

8 

116.8 

0 

- 

55#  sec.  27,  T51N,  R9W, 

11 

61.0 

0 

- 

Audrain  County,  MO 

10 

40.6 

0 

+ 

56#  sec.  19,T51N,R9W, 

12 

30.5 

- 

- 

Audrain  County,  MO 

11 

81.3 

0 

- 

10 

66.0 

0 

+ 

57*  sec.  24,T51N,R9W, 

12 

213.4 

0 

+ 

Audrain  County,  MO 

11 

231.2 

0 

+ 

10 

12.7 

0 

+ 

9 

38.1 

0 

- 

8 

297.2 

0 

- 

58#  SW1/4  SE1/4  sec.  22,  T51N,  R6W, 

12 

121.9 

- 

0 

Audrain  County,  MO 

11 

335.3 

0 

+ 

10 

45.7 

0 

+ 

9 

0.6 

0 

- 

8 

0 

0 

7 

59#  NW1/4  sec.  34,  T52N,  R1 1 W, 

12 

91.4 

0 

- 

Audrain  County,  MO 

11 

91.4 

0 

- 

10 

66.0 

0 

+ 
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Table  1.  continued. 


Locality 

Stratigraphic  Unit 

Thickness  (cm) 

PO 

PL 

60#  SW1/4  sec.  25,  T52N,  R9W, 

12 

320.0 

+ 

+ 

Audrain  County,  MO 

11 

243.8 

0 

+ 

10 

71.1 

0 

+ 

61#  NW1/4  SW1/4  sec.  24,  T52N,  R8W, 

12 

213.4 

0 

+ 

Audrain  County,  MO 

11 

259.1 

0 

+ 

10 

63.5 

0 

+ 

9 

2.5 

0 

- 

8 

0.0 

0 

- 

62*  SW1/4  SE1/4  sec.  12,  T52N,  R6W, 

12 

152.4 

0 

+ 

Audrain  County,  MO 

11 

304.8 

0 

+ 

10 

30.5 

0 

- 

9 

1.3 

0 

- 

8 

0.0 

0 

- 

63*  NE1/4  SW1/4  sec.  34,  T53N,  R8W, 

12 

274.3 

0 

+ 

Audrain  County,  MO 

11 

228.6 

0 

+ 

10 

27.9 

0 

- 

9 

15.2 

0 

- 

8 

0.0 

0 

- 

64*  NE1/4  SE1/4  sec.  29,  T54N,  R7W, 

12 

61.0 

0 

- 

Ralls  County,  MO 

11 

218.4 

0 

+ 

10 

50.8 

0 

+ 

9 

5.1 

0 

- 

8 

0.0 

0 

- 

65*  NE1/4  sec.  30,  T55N,  R12W, 

12 

152.4 

0 

+ 

Monroe  County,  MO 

11 

147.3 

0 

0 

10 

50.8 

0 

+ 

9 

83.8 

0 

0 

66*  SE  1/4  SE1/4  sec.  32,  T55N,  R10W, 

12 

91.4 

0 

- 

Monroe  County,  MO 

11 

167.6 

0 

+ 

10 

66.0 

0 

+ 

67*  NE  1/4  SE1/4  sec.  18,  T54N,  R8W, 

12 

68.6 

0 

- 

Monroe  County,  MO 

11 

167.6 

0 

+ 

10 

66.0 

0 

+ 

68*  NE  1/4  NW1/4  sec.  28,  T54N,  R12W, 

12 

137.2 

0 

0 

Monroe  County,  MO 

11 

50.8 

0 

- 

10 

45.7 

0 

+ 

69*  SE  1/4  SE1/4  sec.  23,  T54N,  R12W 

12 

162.6 

0 

+ 

Monroe  County,  M  O 

11 

215.9 

0 

+ 

10 

33.0 

0 

0 

9 

236.2 

0 

+ 

8 

0.0 

0 

- 
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Table  2.  General  Thicknesses  and  Characteristics  of  Desmoinesian  Strata  of  the  study 
area. 


LITHOTYPE 

PALEOLOWS 

PALEOHIGHS 

Sandstones 

and  Sandy  Mudstones 

Thicken  and  increase  in  sand 
content  and  number  of  beds 

Thin  rapidly  and  decrease  in 
sand  content  and  number  of 
beds 

Underclays 

Thicken  gradually 

Some  thin  rapidly  to  a  clay 
parting;  more  commonly 
thicken  gradually  as  underlying 
sandstones  pinch  out 

Coals 

Thicken  rapidly  and  increase  in 
rank 

Thin  rapidly  to  bone  coal  or 
carbonaceous  smut 

Black  Phosphatic  Shales 

Thicken  greatly,  increase  in 
fissility,  calcium  phosphate 
nodules  common 

Thin  and  grade  into  thin  platy 
shales,  calcium  phosphate  nod¬ 
ule  rare. 

Limestones 

Thicken  rapidly  and  become 
interbedded  with  calcareous 
shales,  generally  argillaceous 
calcilutites  with  thick  flat  bed¬ 
ding,  large  macrofossils  are 
fragmented,  small  microfossils 
are  undeformed 

Thin  rapidly,  become  wavy 
bedded  intraclastic  wackestones 
or  calcilutite  nodules  in  cal¬ 
careous  shale,  all  macrofossils 
are  fragmented 
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ABSTRACT 

White  perch  ( Morone  americana )  first  gained  access  and  spread  throughout  the  Great 
Lakes  in  the  mid  1900’s,  eventually  invading  the  Upper  Mississippi  River  System 
(UMRS)  through  an  artificial  connection  between  the  Illinois  River  and  Lake  Michigan. 
Since  first  detecting  white  perch  in  1991,  we  have  monitored  its  increasing  population  in 
La  Grange  Reach,  Illinois  River  through  2001,  with  total  abundance  rising  to  over  50  fish 
per  year  in  annual  standardized  sampling.  Potential  impacts  of  white  perch  on  native 
fishes  include  competition  for  food  resources,  predation,  and  hybridization  with  other, 
native  Morone  species.  In  the  later  case,  we  document  white  perch-yellow  bass  hybrids 
(. Morone  americana  x  M.  mississippiensis )  in  the  Illinois  River. 


INTRODUCTION 

Canals  have  contributed  to  human  mediated  range  expansions  of  aquatic  species,  includ¬ 
ing  white  perch  ( Morone  americana ,  Scott  and  Christie  1963).  Beginning  in  the  1820’s, 
the  New  York  canal  system,  including  the  Erie  Canal,  connected  Lake  Ontario  (Great 
Lakes  drainage)  to  the  east  coast  (Atlantic  Ocean).  Shortly  afterward,  in  1848,  the  Illi¬ 
nois  and  Michigan  Canals  connected  the  Illinois  River,  and  ultimately  the  Upper  Missis¬ 
sippi  River  System  (UMRS),  to  the  Great  Lakes,  creating  a  direct  shipping  route  through 
the  central  United  States.  At  the  turn  of  the  century,  the  connection  between  Lake 
Michigan  and  the  Illinois  River  was  widened  and  deepened,  in  part  through  the  deliberate 
reversal  of  the  Chicago  River.  This  diversion  of  water  was  vital  for  the  health  of  Chicago 
residents,  who  were  experiencing  disease  due  to  open  sewers  and  an  unsanitary  water 
supply.  The  length  of  the  Illinois  River,  Des  Plaines  River,  canals,  and  other  tributaries 
connecting  the  Mississippi  River  to  Lake  Michigan  are  collectively  called  the  Illinois 
Waterway  (Figure  1).  From  a  connectivity  standpoint,  fish  and  other  aquatic  organisms 
can  enter  drainages,  basins,  and  ecosystems  where  they  were  not  historically  endemic 
because  many  canals  connect  water  bodies  from  the  east  coast  to  the  midwest. 
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White  perch  first  appeared  in  Lake  Ontario  circa  1950  as  a  result  of  the  canal  system  in 
New  York  (Scott  and  Christie,  1963).  Direct  stocking  of  white  perch  may  have  been  an 
alternate  mechanism  of  initial  dispersal;  Daniels  (2001)  suggested  that  poor  water  quality 
in  these  canals  during  the  early  1900’s  might  have  prevented  white  perch  from  spreading 
through  the  canals  on  their  own.  However,  the  canals  almost  certainly  were  responsible 
for  white  perch  dispersal  either  by  providing  direct  access  or  human  transportation  for 
stocking.  White  perch  have  since  expanded  from  their  first  appearance  in  Lake  Ontario 
in  1952  (Christie  1973),  to  Lake  Erie  (1954;  Larsen,  1954),  Lake  Huron  (1983;  Ver  Duin, 
1984),  Lake  Superior  (1986;  Johnson  and  Evans,  1990),  and  Lake  Michigan  (1988;  Coch¬ 
ran  and  Hesse,  1994;  Savitz  et  al.  1989).  In  1988,  white  perch  were  documented  from  the 
near  shore  waters  of  Lake  Michigan  near  Chicago  (Savitz  et  al.,  1989).  This  proximity  to 
the  Illinois  Waterway  eventually  led  to  white  perch  movements  into  the  UMRS. 

A  concern  with  white  perch  population  expansion  is  their  impact  on  native  fauna.  White 
perch  compete  with  native  fish  for  food,  and  prey  upon  native  fishes  and  their  eggs  (Par¬ 
rish  and  Margraf,  1994;  Schaeffer  and  Margraf,  1987;  Madenjian  et  al.,  2000).  Under¬ 
standably,  establishment  of  white  perch  in  the  UMRS  is  a  concern  (Cochran  and  Hesse, 
1994). 

Our  objectives  were  to  document  the  establishment  of  white  perch,  their  current  popula¬ 
tion  trends  and  expansion,  and  to  assess  their  potential  impacts  in  the  middle  Illinois 
River. 


METHODS 

Data  from  three  independent  monitoring  programs  conducted  through  the  Illinois  Natural 
History  Survey’s  Illinois  River  Biological  Station  (IRBS;  Havana,  Illinois)  were  used  to 
document  white  perch  in  the  Illinois  River.  First,  The  Long-Term  Illinois  River  Popula¬ 
tion  Monitoring  Program,  or  Long  Term  Electrofishing  Project  (LTEF)  has  monitored 
fish  populations  on  the  Illinois  Waterway  since  1957  (McClelland  and  Pegg,  2001).  The 
LTEF  collects  fish  data  annually  at  27  fixed  sites  using  three  phase  -  AC  boat  elec¬ 
trofishing.  The  project  records  all  species  collected  at  sites  that  cover  the  Illinois  River 
from  its  mouth  (RM  0.0)  to  Dresden  Reach  on  the  Des  Plaines  River  (Illinois  Waterway, 
RM  279.8). 

The  second  data  set  used  came  from  the  Long  Term  Resource  Monitoring  Program 
(LTRMP).  The  LTRMP  is  part  of  the  Environmental  Management  Program  (EMP),  a 
cooperative  effort  between  the  five  UMRS  states  (MN,  IA,  WI,  IL,  MO),  U.S.  Geological 
Survey,  and  the  U.S.  Army  Corps  of  Engineers  (USGS,  1999).  The  IRBS  is  one  of  six 
field  stations  monitoring  the  UMRS  for  a  variety  of  environmental  parameters  including 
fish  communities  (Gutreuter  et  al.  1995).  Data  presented  are  from  La  Grange  Reach,  Illi¬ 
nois  River  collected  from  1990  through  2001.  La  Grange  Reach  is  the  portion  of  the  Illi¬ 
nois  River  between  La  Grange  Lock  and  Dam  (L&D,  RM  80.0)  and  Peoria  L&D  (RM 
157.8;  Figure  1).  Gears  used  included  electrofishing,  hoop  netting,  seining,  fyke  netting, 
trawling,  gill  netting,  and  trammel  netting.  The  LTRMP  sampling  currently  utilizes 
about  550  random  collections  from  June  15  to  October  31  each  year. 
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The  third  data  set  comes  from  the  Peoria  Lake  Habitat  Rehabilitation  and  Enhancement 
Project  (HREP)  where  fisheries  information  was  collected  around  special  features  within 
Upper  Peoria  Lake  using  LTRMP  methods.  This  project  monitored  fisheries  response  to 
a  constructed  island  and  associated  features  on  the  Illinois  River  in  the  vicinity  of 
Chillicothe,  Illinois  (RM  178.6  to  RM  183.4)  at  10  fixed  sites  from  1991-1992,  and  1997- 
1998  (Irons  and  O’Hara,  1999).  The  HREP  sites  are  within  Peoria  Reach,  Illinois  River, 
approximately  20  miles  north  (upstream)  of  La  Grange  Reach. 

RESULTS  AND  DISCUSSION 

White  perch  were  first  detected  in  Peoria  Reach  in  1991  from  RM  170.3  to  RM  180.6,  by 
both  the  HREP  and  LTEF  sampling  efforts.  In  addition,  white  perch  were  found  further 
downstream  the  following  year  in  LTRMP  sampling  (Peoria  Lock  and  Dam,  RM  157.8, 
Figure  2).  There  have  been  stockings  in  Nebraska  (1964)  that  could  have  seeded  the 
Missouri  River  drainage  from  reservoirs  but  there  is  little  evidence  that  these  populations 
have  spread  in  the  Missouri  River  (Burr  et.  al.  1996,  Hergenrader  1980).  It  is  most  likely 
that  white  perch  have  entered  the  UMRS  from  the  Great  Lakes,  as  the  chronology  and 
downstream  progression  from  the  initial  occurrence  in  Lake  Michigan  to  the  most  recent 
in  the  lower  Illinois  River  suggests  (Savitz  et  al.,  1989,  Savitz  et  al.,  1996,  Burr  et  al., 
1996). 

Previous  studies  suggest  white  perch  may  not  be  able  to  maintain  populations  in  lotic 
environments  (Hergenrader,  1980).  However,  since  white  perch  were  first  collected  in 
La  Grange  Reach,  LTRMP  catches  have  increased  each  year  from  seven  white  perch  in 
1992,  to  54  in  1999  (Figure  3).  Further,  the  distribution  of  white  perch  has  rapidly  pro¬ 
gressed  downstream  extending  beyond  La  Grange  Reach  as  indicated  by  LTRMP  data 
from  Pool  26  on  the  Mississippi  River  where  a  single  white  perch  was  collected  in  2000 
(LTRMP,  unpublished  data). 

As  white  perch  spread  throughout  the  Illinois  River  and  further  into  the  Mississippi  River 
basin,  negative  interactions  with  native  species  may  occur.  These  interactions  may  be 
realized  initially  with  native  species  that  utilize  similar  habitats  and  life  strategies.  Field 
collections  have  shown  that  in  general,  yellow  bass  and  white  perch  are  found  in  similar 
habitats  and  the  chance  for  interaction  could  be  high.  One  of  the  first  interactions 
observed  has  been  confirmation  of  white  perch-yellow  bass  ( Morone  americana  x  M. 
mississippiensis )  hybrids  that  were  collected  by  LTRMP  sampling  in  2000  (INHS  collec¬ 
tion  89904),  with  an  additional  32  hybrids  collected  in  2001.  The  yellow  bass  has  a 
native  range  confined  to  the  Mississippi  River  drainage  and  has  experienced  a  general 
decline  in  abundance  within  La  Grange  Reach  over  the  past  43  years  (Figure  4).  Because 
yellow  bass  populations  are  already  depressed  and  share  similar  habitats,  they  may  be 
more  susceptible  to  competition  with  white  perch.  Interactions  between  the  two  species 
may  include  increased  resource  competition  (i.e.,  direct  competition  for  food  resources, 
egg  predation;  Schaeffer  and  Margraff,  1987,  and  energy  expended  on  hybrid  produc¬ 
tion).  Further  impacts  on  other  Morone  species  such  as  white  bass  M.  chrysops  may  be 
expected  as  white  perch  populations  persist. 

Although  Lake  Erie  has  a  commercial  fishery  for  white  perch,  it  is  unlikely  that  one 
would  develop  on  the  Illinois  River.  White  perch  are  believed  to  have  habits  similar  to 
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protected  native  sport  fish  such  as  white  bass,  sauger  ( Stizostedion  canadense ),  and  vari¬ 
ous  Centrarchids  that  would  complicate  commercial  fishing  with  large  bi-catch  issues  (R. 
Maher,  Illinois  Department  of  Natural  Resources,  pers.  comm.).  It  is  also  likely  that 
white  perch  will  not  be  highly  valued  as  a  sport  fish  in  the  Illinois  River,  due  to  its 
diminutive  size  compared  to  white  bass. 

Based  on  information  presented  here,  it  is  likely  that  white  perch  will  continue  to  disperse 
into  the  Mississippi  River,  expanding  its  range  both  upstream  and  downstream  through 
locks  or  with  angler  assistance.  Further,  construction  and  modification  of  habitat,  such  as 
canals,  has  assisted  in  the  spread  of  white  perch  into  the  Illinois  River.  Jude  and  DeBoe 
(1996)  warn  that  other  habitat  enhancements,  in  particular  those  that  add  revetment  (rip¬ 
rap),  could  further  assist  non-native  species  by  offering  suitable  or  even  preferred  habitats 
within  riverine  systems.  White  perch  do  appear  at  higher  concentrations  below  the  Peoria 
Lock  and  Dam  near  revetment  than  in  other  habitats  within  La  Grange  Reach.  With 
many  habitat  projects  and  restoration  efforts  planned  within  the  UMRS,  river  managers 
should  be  careful  to  consider  potential  side  effects,  before  planning  modifications  as  it  is 
unclear  to  what  extent  these  modifications  would  benefit  white  perch  or  other  non-native 
fish  in  exploiting  riverine  environments. 
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Figure  1.  Map  of  the  Illinois  Waterway.  The  Illinois  Waterway  includes  the  Illinois 
River,  Des  Plaines  River,  and  navigable  channels  that  connect  these  with  Lake 
Michigan.  La  Grange  Reach  is  an  eighty  mile  reach  of  the  Illinois  River  in 
central  Illinois,  located  between  the  La  Grange  Lock  and  Dam  (L&D,  RM 
80.0)  and  Peoria  L&D  (RM  157.8). 
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Figure  2.  Progressive  occurrences  of  white  perch  in  La  Grange  Reach,  Illinois  River 
from  LTRMP  collections  (1992-2001).  Each  circle  represents  a  location  where 
white  perch  were  collected  during  a  given  year. 


Figure  3.  White  perch  total  catch  (all  gears)  in  La  Grange  Reach,  Illinois  River  from 
LTRMP  collections  (1990-2001). 
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Figure  4.  Yellow  bass  total  catch  in  La  Grange  Reach,  Illinois  River  from  the  Long  Term 
Illinois  River  Fish  Population  Monitoring  (LTEF)  Project  collections  (1959- 
2000). 
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ABSTRACT 

Logan  County,  Illinois  historically  has  received  limited  herpetological  field  work  and  is 
poorly  represented  in  large  museum  collections.  To  gain  additional  insight  into  the  dis¬ 
tribution  and  abundance  of  Logan  County  herpetofauna,  I  surveyed  twelve  sites  at  least 
twice  throughout  the  2001  field  season.  One  species  of  salamander,  nine  species  of 
anurans,  three  species  of  turtles,  and  four  species  of  snakes  were  encountered.  Eight 
were  new  county  records  and  four  were  updated  county  records.  An  additional  two  spe¬ 
cies  were  updated  by  field  observations  but  were  not  vouchered.  Five  species  (one  turtle 
and  four  snakes)  that  historically  had  been  present  were  not  found.  Possible  reasons  they 
were  not  observed  include  difficulty  with  trapping  methods,  the  secretive  behavior  of  the 
species  and/or  rarity.  Additional  species  that  may  occur  in  Logan  County  but  were  not 
found  are  listed. 


INTRODUCTION 

The  conversion  of  prairie  and  the  draining  of  wetlands  for  agriculture  began  in  Illinois 
over  a  century  ago  and  has  permanently  altered  the  Illinois  landscape.  At  present,  only 
0.01%  of  the  original  tall  grass  prairie  remains  and  only  3%  of  the  wetlands  remain,  with 
only  0.016%  of  that  classified  as  approaching  pristine  (Illinois  Department  of  Energy  and 
Natural  Resources  1994).  The  quality  of  flowing  water  has  deteriorated  in  Illinois,  lead¬ 
ing  to  state- wide  extirpations  of  many  species  of  fish  (19%),  amphibians  and  reptiles 
(34%),  freshwater  mussels  (55%),  and  crayfish  (22%)  (Illinois  Department  of  Energy  and 
Natural  Resources  1994).  These  conditions  increase  the  need  for  species  inventories,  not 
only  to  document  what  is  or  is  not  currently  present,  but  also  to  document  the  increase  or 
decline  of  various  species  presence  over  time. 

Our  early  understanding  of  the  geographic  distribution  of  Illinois  amphibians  and  reptiles 
is  largely  due  to  the  comprehensive  work  of  Smith  (1961).  In  the  last  decade,  numerous 
contributions  have  updated  and  closed  distributional  gaps  of  Illinois  herpetofauna  at  both 
regional  (Tucker  1994,  Wilson  1999,  Markezich  and  Beckett  2001)  and  statewide  (Red- 
mer  and  Ballard  1995;  Petzing  et  al.  1998,  2000)  levels.  Unfortunately,  these  contribu¬ 
tions  lacked  data  regarding  species  abundance,  but  this  information  often  can  be  obtained 
through  other  sources  (e.g.,  Ludwig  et  al.  1992,  Anton  1999,  Thurow  1999).  Some 
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counties  in  Illinois  historically  have  received  limited  organized  field  work.  Frequently, 
the  predominance  of  row  crops  in  a  county  decreases  its  herpetological  appeal,  and  access 
often  is  diminished  due  to  private  ownership  of  the  land.  As  a  consequence,  little  is 
known  about  the  herpetofauna  in  some  of  these  counties  and  many  of  the  species  proba¬ 
bly  occurring  in  them  have  not  been  documented.  Logan  County  is  a  good  example 
because  roughly  94%  of  the  county  comprises  privately  owned  cropland  and  grassland 
(Illinois  Department  of  Natural  Resources  1996),  and  has  received  little  organized  field 
work. 

Logan  County  is  in  central  Illinois  and  is  bordered  by  Tazewell,  Mason,  Menard,  Sanga¬ 
mon,  Macon,  DeWitt,  and  McLean  counties  (Figure  1).  Few  lakes  are  located  within  the 
county,  but  several  small  ponds  are  present.  It  is  drained  by  five  creeks:  Deer,  Kickapoo, 
Prairie,  Salt,  and  Sugar.  The  dominant  land  use  in  Logan  County  is  agriculture,  as  it  is  in 
most  of  central  Illinois.  It  is  estimated  that  85%  of  the  total  acreage  in  Logan  County  was 
still  prairie  in  1820,  but  by  1980  no  prairie  remained  and  80-89%  of  its  wetland  was  lost 
(Illinois  Department  of  Energy  and  Natural  Resources  1994).  At  present,  80.2%  of  its 
total  acreage  is  devoted  to  row  crops  and  only  1.5%  to  wetland  (Illinois  Department  of 
Natural  Resources  1996).  The  number  of  acres  of  Logan  County  farmland  receiving  her¬ 
bicide,  insecticide,  and  commercial  fertilizer  has  increased  markedly  in  the  last  30  years 
(Illinois  Department  of  Energy  and  Natural  Resources  1994)  and  these  chemicals  are 
known  to  have  a  variety  of  negative  effects  on  amphibians  and  reptiles  (Cowman  and 
Mazanti  2000).  Land  conversion,  extensive  agricultural  practices,  and  habitat  loss  are 
important  links  to  amphibian  declines  (Vial  and  Saylor  1993).  In  such  an  agriculture- 
dominated  habitat,  animals  with  low  vagilities  (such  as  many  amphibians  and  reptiles) 
face  the  threat  of  local  extirpation  due  to  loss  of  breeding  habitat  and  other  resources 
(Minton  1968,  Thurow  1999). 

Previous  collection  efforts  in  Logan  County  have  documented  six  species  of  amphibians 
and  eight  species  of  reptiles  (Phillips  et  al.  1999).  Although  these  records  are  vouchered, 
many  are  over  30  years  old.  Some  of  these  species  may  be  rare  or  no  longer  present,  and 
many  unrecorded  (new  county  records).  I  conducted  the  survey  primarily  during  the 
2001  field  season  with  the  objective  to  revise  the  species  list  and  to  provide  insight  into 
the  distribution  and  abundance  of  the  herpetofauna. 

METHODS 

Several  localities  were  chosen  initially  by  examining  topographic  maps  for  wooded  areas, 
small  ponds,  and  creeks.  Once  visited,  the  prospective  value  of  these  sites  to  harbor 
amphibians  and  reptiles  was  evaluated  by  observing  the  vegetation,  ground  cover,  sur¬ 
rounding  habitat,  water  source,  availability  of  basking  sites,  etc.  If  a  site  appeared  suit¬ 
able,  permission  to  census  periodically  was  requested  from  the  landowner.  Some  sites 
were  located  by  chance  during  road  surveys  (i.e.,  observed  a  DOR  specimen  or  heard  a 
frog  chorus  while  night-driving,  etc.). 

At  the  request  of  property  owners,  no  drift  fences  were  erected  for  pitfall  or  funnel  traps; 
therefore,  other  surveying  techniques  were  employed.  Night-driving  surveys  were  con¬ 
ducted  to  listen  for  anuran  breeding  choruses.  Species  were  identified  by  their  species 
specific  calls  and  numerous  specimens  were  caught  by  hand  for  verification.  Chorus 
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sizes  were  estimated  while  walking  through  the  chorus  and  were  classified  as  small  (1-15 
individuals),  medium  (16-30  individuals)  or  large  (30+  individuals).  Salamanders  were 
surveyed  in  suitable  habitat  (primarily  ambystomids  in  temporary  pools)  by  searching  for 
egg  masses.  If  egg  masses  were  found,  a  visual  encounter  survey  was  conducted  for 
adults  along  the  periphery  of  the  pool  under  appropriate  cover  objects  (e.g.,  rotten  logs). 
Little  time  was  devoted  to  searching  for  plethodontid  salamanders  because  their  occur¬ 
rence  in  the  region  was  considered  unlikely.  Snakes  were  surveyed  at  suitable  sites  (e.g., 
grasslands,  wooded  areas,  ponds)  by  inspection  of  potential  basking  areas,  cover  objects, 
and  by  the  chance  observation  of  a  DOR  specimen  during  road  sampling.  Turtles  were 
surveyed  by  visually  inspecting  potential  basking  areas  in  ponds  and  creeks  using  bin¬ 
oculars.  If  turtles  were  observed,  2.5  ft.  diameter  nylon  turtle  traps  baited  with  sardines 
were  set  to  obtain  voucher  specimens  of  young  turtles  when  possible.  If  adults  were  too 
large  to  preserve,  photographic  vouchers  were  taken.  Specimens  were  preserved  using 
standard  methods  (McDiarmid  1994)  and  deposited  in  the  Illinois  Natural  History  Survey 
(INHS)  in  Champaign. 

All  species  found  have  been  included  in  this  report,  but  specimen  catalog  numbers  are 
only  provided  for  new  and  updated  county  records.  Updated  county  records  were  defined 
as  observation  of  a  species  that  has  not  been  documented  in  Logan  County  for  at  least 
twenty  years,  a  standard  adopted  by  Phillips  et  al.  (1999).  The  status  of  Logan  County 
specimens  was  determined  by  accessing  museum  collection  records  from  the  Chicago 
Academy  of  Sciences  (CA),  the  Field  Museum  of  Natural  History  (FMNH),  the  Illinois 
Natural  History  Survey  (INHS),  the  Illinois  State  Museum  (ISM),  the  Louisiana  State 
University  Museum  of  Zoology  (LSUMZ),  the  University  of  Illinois  Museum  of  Natural 
History  (UIMNH),  and  the  University  of  Michigan  Museum  of  Zoology  (UMMZ). 

RESULTS 

Twelve  sites  within  or  in  close  proximity  to  deciduous  forest  were  surveyed  at  least  twice 
(Table  1,  sites  1-12)  during  the  2001  field  season.  Ten  additional  sites  are  considered 
incidental  because  they  were  either  surveyed  only  once  or  are  the  result  of  a  DOR  obser¬ 
vation  (Table  1,  sites  13-22).  Locality  data  for  all  sites  are  given  in  Table  1.  A  total  of 
one  species  of  salamander,  nine  anuran  species,  three  turtle  species,  and  four  snake  spe¬ 
cies  were  found  during  this  survey  (Table  2).  Eight  new  county  records  and  four  updated 
county  records  were  documented.  Two  additional  species  were  updated  by  field  obser¬ 
vations  but  were  not  vouchered.  All  six  species  of  amphibians  previously  known  to 
occur  in  Logan  County  were  found  (see  Phillips  et  al.  1999),  often  at  several  localities. 
In  addition,  four  species  were  new  county  records  {Ambystoma  texanum,  Pseudacris  cru¬ 
cifer,  P.  triseriata,  and  Hyla  versicolor/H.  chrysoscelis  complex).  Only  three  of  the  eight 
reptiles  previously  known  to  occur  in  Logan  County  were  found  (see  Phillips  et  al.  1999). 
All  three  were  snakes  and  contributed  updated  records.  One-hundred  thirteen  trap  hours 
were  devoted  to  turtles.  Three  turtle  species  ( Chelydra  serpentina ,  Chrysemys  picta , 
Trachemys  scripta)  and  one  snake  ( Storeria  dekayi )  were  new  county  records.  This  sur¬ 
vey  elevates  the  known  number  of  species  in  the  county  from  fourteen  to  twenty-two.  A 
revised  species  list  for  Logan  County  herpetofauna  and  all  sites  where  they  were  found 
during  this  survey  is  provided  in  Table  2. 
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Abundance  data  were  provided  for  use  as  a  baseline  for  future  amphibian  and  reptile  sur¬ 
veys  in  Logan  County.  The  seventeen  amphibians  and  reptiles  encountered  during  this 
survey  were  ranked  according  to  their  relative  abundance  in  the  county  according  to  their 
presence  at  the  twelve  survey  sites  that  were  examined  at  least  twice  (sites  1-12  in  Table 
1).  Species  were  considered  rare/uncommon  if  they  were  found  at  only  one  locality, 
locally  common  if  they  were  found  at  2-4  localities,  common  if  they  were  found  at  5-7 
localities,  and  abundant  if  they  were  found  at  eight  or  more  localities. 

SPECIES  ACCOUNTS 

Species  Found  During  This  Survey 


AMPHIBIANS 

Smallmouth  salamander,  Amby stoma  texanum.  New  county  record  (INHS  17072). 
This  medium-sized  mole  salamander  breeds  mainly  in  ephemeral  lentic  habitats  from 
February  to  March  in  Illinois  (Smith  1961)  and  tends  to  be  an  explosive  breeder.  It  was 
locally  common  in  Logan  County.  Four  adults  were  observed  at  site  2  (two  were 
vouchered),  and  numerous  egg  masses  were  observed  at  three  sites  (2,  3,  and  6)  dispersed 
throughout  the  county.  All  three  sites  were  ephemeral  pools  that  were  dry  by  May. 
Because  smallmouth  salamander  larvae  are  known  to  begin  metamorphosis  by  late  May 
in  Illinois  (Cagle  1942,  Smith  1961,  Parmelee  1993),  many  of  the  larvae  may  not  have 
transformed  before  the  pools  dried. 

American  toad,  Bufo  americanus.  This  toad  was  abundant  and  widely  distributed. 
Eight  sites  (1,  3,  4,  9-13)  harbored  large  choruses  from  April  to  June  and  an  adult  was 
observed  incidentally  at  site  15.  All  sites  were  permanent  ponds  bordered  by  deciduous 
forest. 

Fowler’s  toad,  Bufo  fowleri.  This  toad  appeared  to  be  rare/uncommon  in  Logan  County. 
From  site  9  on  16  June,  the  distinct  nasal  call  of  two  male  Fowler’s  toads  was  heard 
approximately  0.9  km  E  of  the  intersection  of  Co.  Rd.  1250E  and  Co.  Rd.  2500N.  No 
voucher  specimen  was  taken  to  due  to  the  low  number  heard.  Since  the  only  known 
voucher  specimen  was  collected  in  1953  (INHS  7176)  9.6  km  north  of  Lincoln,  this  field 
observation  updates  the  record. 

Northern  cricket  frog,  Acris  crepitans .  This  frog  was  abundant  throughout  the  county 
from  April  to  October.  Eight  sites  (1,  3-5,  9-11,  and  13)  harbored  large  choruses  and  26 
individuals  were  observed  along  Sugar  Creek  at  site  20  and  21  in  October  of  2000. 

Gray  treefrog  complex,  Hyla  versicolor  -  H.  chrysoscelis .  New  county  record  (INHS 
17152).  This  complex  was  abundant  throughout  the  county.  Nine  sites  (1,  3,  4,  6,  9-13) 
harbored  breeding  choruses  during  April  and  May;  some  smaller  choruses  persisted  into 
June.  Six  of  these  sites  (1,  3,  9-12)  harbored  large  choruses,  two  sites  (4  and  13)  har¬ 
bored  medium-sized  choruses,  and  a  few  males  were  heard  calling  near  site  6.  The 
voucher  specimen  was  taken  from  site  1.  Most  of  these  sites  are  permanent  ponds,  but 
sites  6  and  13  are  ephemeral  pools  close  to  Kickapoo  and  Sugar  creeks,  respectively. 
Because  the  gray  treefrogs  in  Illinois  {Hyla  versicolor  and  H.  chrysoscelis )  can  not  be 
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distinguished  morphologically,  call  analyses  or  karyotyping  must  be  performed  to  relia¬ 
bly  decipher  between  them. 

Spring  peeper,  Pseudacris  crucifer .  New  county  record  (INHS  17074).  This  early 
breeding  chorus  frog  was  rare/uncommon  in  Logan  County.  Although  elsewhere  it  often 
breeds  in  similar  habitat  at  approximately  the  same  time  as  the  western  chorus  frog  Pseu¬ 
dacris  triseriata  (Conant  and  Collins  1991,  personal  observation),  I  only  heard  one  small 
chorus  at  site  2  in  late  March. 

Western  chorus  frog,  Pseudacris  triseriata .  New  county  record  (INHS  17075).  This 
early  breeding  chorus  frog  was  abundant  throughout  the  county.  Eleven  sites  (1-8,  11- 
13)  harbored  large  choruses  from  March  to  April  in  a  variety  of  aquatic  habitats  ranging 
from  temporary  pools  to  permanent  ponds;  all  breeding  sites  were  surrounded  by  decidu¬ 
ous  forest.  The  voucher  was  taken  from  site  2. 

Plains  leopard  frog,  Rana  blairi.  This  species  of  leopard  frog  appeared  to  be  locally 
common.  It  was  found  at  two  sites;  site  1 1  (a  permanent  pond)  harbored  a  medium-sized 
chorus  in  April  and  four  specimens  were  observed  on  a  trail  along  Salt  Creek  at  site  8  in 
June. 

Bullfrog,  Rana  catesbeiana.  Updated  county  record  (INHS  17076).  This  large  ranid 
was  common  and  widespread  throughout  the  county.  Seven  sites  (1,  3,  4,  9-11,  13)  har¬ 
bored  sizeable  breeding  choruses  in  permanent  ponds  from  April  to  June,  and  one  male 
was  DOR  at  site  22.  The  voucher  specimen  was  from  site  3.  The  last  previous  voucher 
specimen  was  collected  in  1953  (INHS  7174)  9.6  km  north  of  Lincoln. 

Southern  leopard  frog,  Rana  sphenocephala.  This  ranid  appeared  to  be 
rare/uncommon  in  Logan  County.  Only  one  chorus  was  found  at  site  4.  A  single  male 
was  heard  calling  in  late  March  and  a  large  chorus  was  heard  from  April  to  May.  This 
site  is  a  permanent  pond  dominated  by  cattails  ( Typha  sp.)  at  the  west  end.  No  voucher 
specimen  was  collected  due  to  an  agreement  with  the  property  owner.  Since  the  only 
known  voucher  specimen  was  collected  in  1908  (INHS  1 149)  from  “Lincoln”,  this  field 
observation  updates  the  record. 

REPTILES 

The  abundances  of  snakes  were  not  estimated  because  so  few  were  found. 

Common  snapping  turtle,  Chelydra  serpentina.  New  county  record  (INHS  Herpeto- 
logical  Slide  2001.01).  Although  this  species  is  probably  common  throughout  the  county 
in  suitable  habitat  (Smith  1961),  it  was  found  at  only  two  sites.  Therefore,  it  is  consid¬ 
ered  locally  common.  Two  large  adults  were  trapped  after  7  trap  hours  at  site  1  on  22 
April  and  released.  A  photographic  voucher  was  taken  due  to  their  large  size.  Two  other 
adults  were  trapped  within  20  trap  hours  at  site  1 1  and  subsequently  were  released. 

Painted  turtle,  Chrysemys  picta.  New  county  record  (INHS  17150).  This  conspicuous 
turtle  was  locally  common  and  often  was  observed  basking  on  logs  in  permanent  ponds 
and  slow  moving  creeks.  Four  sites  (3,  9-11)  harbored  this  species.  One  specimen  was 
vouchered  at  site  1 1  after  9.5  trap  hours  and  another  specimen  was  caught  at  site  9  after 
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19  trap  hours.  Four  additional  specimens  were  observed  basking  at  site  10  and  two  at  site 
3. 

Red-eared  slider,  Trachemys  scripta .  New  county  record  (INHS  17351).  Although  this 
species  appeared  to  be  rare/uncommon,  it  may  have  been  more  common  than  this  survey 
reveals  due  to  favorable  habitat  and  food  sources  in  the  area.  Only  site  8  was  found  to 
harbor  this  species.  Two  individuals  were  observed  basking  at  site  8  on  June  17  and 
three  individuals  were  captured  after  42.5  trap  hours  on  24  June.  The  youngest  was 
vouchered. 

Northern  water  snake,  Nerodia  sipedon.  Updated  county  record  (INHS  17151).  One 
individual  of  this  species  was  observed  crossing  Co.  Rd.  1600  E  at  site  17  in  April.  It 
may  be  more  prevalent  than  this  survey  reveals  due  to  the  presence  of  favorable  habitat 
and  food  supply,  and  its  tolerance  of  disturbed  habitats.  The  last  previous  voucher 
specimen  was  collected  in  1967  (FMNH  208229)  3.2  km  north  of  Hartsburg. 

Brown  snake,  Storeria  dekayi.  New  county  record  (INHS  17153).  Two  DOR  speci¬ 
mens  were  found  within  5  km  of  each  other  in  April.  The  voucher  specimen  was  found 
2.5  km  north-northwest  of  Lawndale  near  water  and  deciduous  forest  at  site  16,  and  the 
second  was  found  3.6  km  southeast  of  Union  amidst  com  fields  at  site  14. 

Common  garter  snake,  Thamnophis  sirtalis.  Updated  county  record  (INHS  17353). 
One  DOR  specimen  was  vouchered  near  site  18  on  13  September  2000.  Another  indi¬ 
vidual  was  found  basking  on  an  old  pile  of  lumber  at  site  4  on  5  May  2001.  The  last  pre¬ 
vious  voucher  specimen  was  collected  in  1957  (INHS  8748)  10.4  km  east  of  Lincoln. 

Plains  garter  snake,  Thamnophis  radix .  Updated  county  record  (INHS  17352).  One 
DOR  specimen  was  found  near  site  19  in  June.  The  last  previous  voucher  specimen  was 
collected  in  1976  (UMMZ  142860)  north-northeast  of  Lincoln. 

Species  Not  Found  During  This  Survey  But  Present  Historically 


REPTILES 

Spiny  softshell,  Apalone  spinifera.  The  last  known  voucher  specimen  was  collected  in 
1953  by  W.  L.  Burger  9.6  km  north  of  Lincoln  (INHS  7172).  This  aquatic  turtle  prefers 
rivers  but  often  is  found  in  lakes  and  creeks  where  sand  and  mudbars  are  present.  Favor¬ 
able  habitat  may  exist  in  Logan  County,  particularly  at  Rocky  Ford  Bridge  along  Salt 
Creek,  but  trapping  was  difficult  due  to  the  swift  current.  Only  two  specimens  are  known 
from  Logan  County  (INHS  7171,  7172). 

Prairie  kingsnake,  Lampropeltis  calligaster .  The  last  known  voucher  specimen  was 
collected  in  1956  by  L.  J.  Stannard  near  Elkhart  (INHS  8083).  This  medium-sized  snake 
is  a  predator  on  rodents  and  often  is  found  in  developed  habitat  similar  to  that  of  the 
bullsnake.  Three  specimens  are  known  from  Logan  County  (CA  10978;  INHS  3194, 
8083). 

Bullsnake,  Pituophis  melanoleucus.  The  last  known  voucher  specimen  was  collected  in 
1957  by  P.  W.  Smith  near  Lincoln  (INHS  8512).  This  large  snake  occurs  in  a  variety  of 


221 


habitats,  generally  preferring  open  areas  with  sandy  or  loamy  soil.  It  often  inhabits 
clumps  of  vegetation  and  mammal  burrows  in  search  of  rodents  and  is  also  common 
around  granaries  and  vacant  farm  buildings.  Three  specimens  are  known  from  Logan 
County  (INHS  8512;  UIMNH  16631,  16632). 

Graham’s  crayfish  snake,  Regina  grahami .  The  only  known  voucher  specimen  was 
collected  in  1959  by  S.  D.  Lee,  13-16  km  south  of  Lincoln  (LSUMZ  8847).  This 
medium-sized  snake  inhabits  the  margins  of  ponds  and  creeks.  Despite  apparently  suit¬ 
able  habitat  in  Logan  County,  no  specimen  was  found.  Because  a  favorite  food  of  this 
species  is  crayfish,  it  often  hides  in  holes  of  muddy  stream  banks  and  crayfish  chimneys, 
making  them  fairly  elusive. 

Massasauga,  Sistrurus  catenatus.  The  only  known  voucher  specimen  was  collected  in 
1941  by  D.  Schoup  near  Broadwell  (FMNH  38244).  This  state-endangered  venomous 
snake  (Illinois  Endangered  Species  Protection  Board  1999)  prefers  wet  prairies  but  also 
occurs  in  dry  woodlands.  Since  massasaugas  utilize  crayfish  holes  and  underground 
cavities  for  shelter,  they  can  be  fairly  elusive  and  overlooked  in  short-term  surveys. 
Chris  Phillips  of  the  Illinois  Natural  History  Survey  currently  is  involved  with  a  research 
project  on  massasaugas  in  Illinois  and  confirms  that  both  the  disappearance  of  habitat  and 
human  persecution  are  responsible  for  its  rarity,  and  he  believes  that  the  massasauga  has 
likely  been  extirpated  from  Logan  County  (personal  communication). 

Species  Not  Found  During  This  Survey  But  Possibly  Present 

Several  species  that  have  not  been  found  in  Logan  County  occur  in  surrounding  counties 
(see  Figure  1).  The  species  most  likely  to  be  encountered  are  listed  here  if  appropriate 
habitats  occur  in  Logan  County. 

AMPHIBIANS 

Mudpuppy,  Necturus  maculosus .  These  neotenic  salamanders  are  found  in  a  wide  vari¬ 
ety  of  permanently  aquatic  habitats  ranging  from  lagoons  to  rivers  and  are  known  to 
occur  in  Sangamon,  Macon,  and  McLean  counties.  Smith  (1961)  noted  that  mudpuppies 
were  probably  abundant  in  suitable  streams  in  every  Illinois  county. 

Green  frog,  Rana  clamitans .  This  species  is  common  in  ponds,  lakes,  and  streams  in 
northern  Illinois  but  becomes  more  sporadic  in  the  central  region  of  the  state  (Smith 
1961).  It  has  been  known  in  Tazewell,  Mason,  and  Macon  counties.  On  the  evening  of 
23  June  2001,  a  small  chorus  of  what  is  believed  to  be  green  frogs  was  heard  amidst  a 
large  chorus  of  bullfrogs  Rana  catesbeiana  at  site  1.  Due  to  the  cool  temperatures,  the 
frogs  were  calling  sporadically,  making  it  difficult  to  locate  them.  All  ranid  frogs  caught 
by  hand  to  verify  species  identification  were  bullfrogs. 

REPTILES 

Ornate  box  turtle,  Terrapene  ornata.  This  turtle  prefers  treeless,  sandy  plains  with 
scattered  low  brush  but  may  enter  woodlands  along  streams  (Ernst  et  al.  1994).  It  fre¬ 
quently  is  found  in  the  sand  areas  in  central  Illinois  (Smith  1961)  and  has  been  collected 
in  Tazewell,  Mason,  and  Sangamon  counties.  At  least  two  areas  may  harbor  this  species; 
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some  sandy  areas  along  Salt  Creek  are  near  woodland,  and  prairie-like  habitat  exists  near 
site  13. 

Racer,  Coluber  constrictor .  This  large  snake  has  been  found  in  all  counties  surrounding 
Logan  County. 

Fox  snake,  Elaphe  vulpina .  Historically  found  in  Mason,  DeWitt,  and  McLean  counties, 
this  snake  is  known  to  inhabit  heavily  farmed  habitat  (Smith  1961).  This  species  is  most 
likely  to  be  found  DOR  because  of  its  proclivity  for  roads. 

Milk  snake,  Lampropeltis  triangulum.  This  snake  has  been  found  historically  in 
Tazewell,  Menard,  DeWitt,  and  McLean  counties,  where  it  frequently  is  found  in  forests, 
fields,  and  bams. 


DISCUSSION 

A  total  of  one  species  of  salamander,  nine  anurans,  three  turtles,  and  four  snakes  were 
found  during  this  survey,  elevating  the  known  species  list  from  fourteen  to  twenty-two 
amphibians  and  reptiles.  Eight  new  county  records  and  four  updated  county  records  were 
documented.  Two  additional  species  have  been  updated  by  field  observations  but  not 
vouchered. 

The  four  species  of  snakes  and  one  species  of  turtle  that  were  present  historically  in 
Logan  County  (but  were  not  found  during  this  survey)  have  not  been  vouchered  for  over 
40  years.  Although  this  may  be  an  indication  of  their  rarity  or  absence  from  the  county, 
any  conclusions  regarding  the  status  of  these  species  is  poorly  based  since  this  survey 
was  conducted  over  only  one  field  season  and  fewer  than  eight  man-hours  were  spent 
conducting  visual  encounter  surveys  for  snakes.  Therefore,  their  absence  from  this  sur¬ 
vey  can  not  rule  out  their  existence  within  the  county. 

Several  species  have  been  found  in  surrounding  counties,  but  never  documented  in  Logan 
County  despite  apparently  suitable  habitat.  Although  other  species  not  included  in  this 
list  may  possibly  be  present,  this  list  was  designed  to  indicate  the  species  most  likely  to 
be  found.  Further  fieldwork  may  reveal  the  presence  of  these  and  other  species. 

Eight  sites  that  were  examined  harbored  a  diversity  of  herpetofauna:  site  9  and  1 1  (eight 
species),  sites  3  and  4  (seven  species),  sites  10  and  13  (five  species),  site  1  (four  species), 
and  site  8  (three  species).  All  of  these  sites,  with  the  exception  of  site  13,  are  small  per¬ 
manent  ponds  bordered  by  deciduous  forest.  The  other  sites  (2,  6,  7,  and  12)  are  ephem¬ 
eral  bodies  of  water  and  most  were  dry  by  May.  Therefore,  only  a  limited  number  of 
species  could  utilize  these  sites,  particularly  early  breeding  amphibians  such  as  Amby- 
stoma  texanum,  Bufo  americanus ,  Pseudacris  crucifer ,  and  P.  triseriata.  No  other  spe¬ 
cies  of  amphibian  or  reptile  were  observed  at  these  sites.  The  remaining  survey  sites 
could  be  classified  as  incidental  sites  (i.e.,  DOR  specimens  or  aural  location  of  chorus, 
etc.). 
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Figure  1.  Logan  County  and  its  surrounding  counties. 
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Table  1.  Locality  data  for  both  major  and  incidental  survey  sites. 


SITE 

NUMBER 

SITE  NAME 

QUADRANGLE 

LATITUDE/  LONGITUDE 

1 

Bellrose  Pond 

Armington 

NW1/4  NW1/4  Sec.  21,  T21N,  R2W 

2 

Big  Oak  Hunting  Paradise 

Middletown 

NW1/4  NE1/4  Sec.  16,  T19N,  R4W 

3 

Gates  Pond 

Armington 

NW1/4  SW1/4  Sec.  8,  T21N,  R2W 

4 

Leith  Pond 

Middletown 

NW1/4  SE1/4  Sec.  11,T19N,  R4W 

5 

Lincoln  University 

Lincoln  East 

SE1/4  SE1/4  Sec.  6,  T20N,  R2W 

6 

Morrow  Pond 

Lincoln  East 

SW1/4  SW1/4  Sec.  5,  T20N,  R2W 

7 

Muck  Pond 

Broadwell 

NW1/4  NE1/4  Sec.  7,  T19N,  R3W 

8 

Quarry  Ponds 

Broadwell 

NE1/4  NE1/4  Sec.  7,  T19N,  R3W 

9 

Quisenberry  Pond 

Armington 

NE1/4  NW1/4  Sec.  17,  T21N,  R2W 

10 

Sprague  Pond 

Armington 

NW1/4  SW1/4  Sec.  8,  T21N,  R2W 

11 

Thompson  Pond 

Armington 

SW1/4  SE1/4  Sec.  2,  T21N,  R2W 

12 

Vannoy  Pond 

Armington 

NE1/4  NE1/4  Sec.  20,  T21N,  R2W 

13 

Bellrose  Marsh 

Armington 

SW1/4  SW1/4  Sec.  16,  T21N,  R2W 

14 

Bellrose  2400N 

Armington 

SW1/4  SW1/4  Sec.  16,  T21N,  R2W 

15 

Elkhart  Hill 

Broadwell 

NW1/4  SE1/4  Sec.  7,  T18N,  R3W 

16 

Lawndale 

Lincoln  East 

SE1/4  SE1/4  Sec.  27,  T21N,  R2W 

17 

Mount  Joy 

Armington 

NE1/4  NE1/4  Sec.  10,  T21N,  R2W 

18 

Pine  Lake 

Chestnut 

NE1/4  SE1/4  Sec.  5,  T18N,  R1 W 

19 

Rocky  Ford 

Lincoln  West 

NE1/4  SE1/4  Sec.  6,  T19N,  R3W 

20 

Sugar  Creek  Enterprises 

Armington 

SE1/4  NE1/4  Sec.  9,  T21N,  R2W 

21 

Weaver  Bridge 

Armington 

NE1/4  NE1/4  Sec.  3,  T21N,  R2W 

22 

Weaver  1600E 

Armington 

SE1/4  NE1/4  Sec.  3,  T21N,  R2W 
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Table  2.  Revised  checklist  and  localities  of  herpetofauna  in  Logan  County. 


SPECIES 

SITE(S)* * 

AMPHIBIANS 

Amby stoma  texanum 

Bufo  americanus 

Bufo  fowleri 

Pseudacris  triseriata 
Pseudacris  crucifer 

Acris  crepitans 

Hyla  versicolor 

2,  3,6 

1,3,4,  9,  10,  11,  12,  13,  15 

Near  9 

1.2,  3, 4,  5,  6,  7,  8,  11,  12,  13 

2 

1.3,  4,  5,  9,  10,  11,  13,20,21 

1,3,4,  6,  9,  10,  11,  12,  13 

Rana  sphenocephala  4 


Rana  blairi 

11 

Rana  catesbeiana 

1,3,4,  9,  10,  11,  13,22 

REPTILES 

Lampropeltis  calligaster 
Nerodia  sipedon 
Pituophis  melanoleucus 
Regina  grahami 

Sistrurus  catenatus 
Storeria  dekayi 
Thamnophis  sirtalis 
Thamnophis  radix 
Apalone  spinifera 
Chrysemys  picta 
Trachemys  scripta 
Chelydra  serpentina 

n/aA 

17 

n/a 

n/a 

n/a 

14,  16 

4,  18 

19 

n/a 

3,9,  10,  11 

8 

1,11 

Legend: 

*  Refer  to  Table  1  for  locality  information 
A  n/a  =  historically  found  but  not  detected  by  this  survey 
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ABSTRACT 

Information  on  feather  numbers  and  weights  as  well  as  dietary  protein  ingestion  values 
for  feather  synthesis  are  fundamentally  important  to  taxonomic  and  nutritional  studies  of 
waterfowl.  In  order  to  compare  species-specific  plumage  characteristics  in  waterfowl, 
ten  species  of  Anatinae  {Anas  platyrhynchos,  Anas  strepera,  Anas  americana,  Anas 
crecca,  Anas  discors,  Aix  sponsa,  Aythya  affinis,  Aythya  collaris,  Aythya  americana,  and 
Mergus  cucullatus )  were  collected  in  the  central  Illinois  River  Valley  during  1991  and 
1992.  Variations  were  found  in  total  feather  number,  weight  and  estimated  dietary  pro¬ 
tein  requirements  between  species  and  sexes.  Male  and  female  plumage  weight  was 
positively  correlated  to  body  mass.  Plumage  weight  was  consistently  greater  in  males 
than  females  and  tended  to  be  related  to  total  body  mass  but  was  found  not  to  be  signifi¬ 
cant.  Further  investigations  into  waterfowl  plumage  characteristics  and  body  surface 
area  are  recommended  in  order  to  elucidate  potential  physiological,  behavioral  or  habitat 
related  functions  of  waterfowl  plumage. 


INTRODUCTION 

Feathers  are  the  most  distinctive  feature  of  avian  anatomy  (Gill,  1989)  and  alone  distin¬ 
guish  birds  from  all  other  animals  (Van  Tyne  and  Berger,  1976).  As  independent  struc¬ 
tures,  feathers  are  extremely  complex  integumentary  derivatives  capable  of  providing 
multiple  functions  (Lucas  and  Stettenheim,  1972).  However,  according  to  Pettingill 
(1985)  and  subsequent  review  of  available  literature,  no  attempt  to  thoroughly  investigate 
the  number  and  weight  of  feathers  within  a  species  has  been  conducted.  Previous  plum¬ 
age  studies  of  North  American  Anatidae  have  primarily  examined  chronological  devel¬ 
opment  or  molting  dynamics  of  feathers  (e.g.  Billard  and  Humphrey  1972,  Palmer  1972, 
Paulus  1984,  Wishart  1985,  Miller  1986).  Consequently,  information  on  the  actual  num¬ 
ber  and  weight  of  feathers  within  this  group  of  birds  is  deficient.  In  addition,  outside  of 
the  work  of  Heitmeyer  (1988)  and  Bellrose  and  Holm  (1994)  no  information  on  amount 
of  dietary  protein  required  by  waterfowl  to  synthesize  feathers  has  been  published. 

Knappen  (1932)  was  the  first  to  provide  data  on  feather  numbers  for  waterfowl  when  she 
enumerated  1 1 ,903  feathers  from  an  adult  female  Mallard  {Anas  platyrhynchos )  that  was 
collected  on  19  March.  Since  that  time  relatively  little  information  has  accrued.  Amman 
(1937)  counted  25,216  contour  feathers  that  weighed  621.0g.  from  a  Whistling  Swan 
{Cygnus  columbianus )  that  was  collected  5  November.  Brodkorb  (1951)  counted  contour 
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feathers  from  one  female  Green-winged  Teal  {Anas  crecca )  and  one  male  Northern  Pin¬ 
tail  {Anas  acuta )  that  were  collected  28  January  that  had  11,450  and  14,914  feathers 
respectively.  Turcek  (1966)  calculated  weights  of  plumage  as  expressed  in  percentage  of 
total  body  mass  for  91  species  of  birds  representing  34  families,  including  one  Green¬ 
winged  Teal,  one  White-fronted  Goose  {Anser  albifrons )  and  five  Mallards.  The  average 
plumage  weight  of  these  seven  waterfowl  was  7%  of  their  total  body  mass.  More 
recently,  while  studying  nutritional  requirements  of  molting  Mallards  Wielicki  (1986) 
estimated  the  body  region  of  male  Mallards  in  definitive  alternate  plumage  to  average 
54.7g.  Investigating  protein  costs  of  molting  Mallards,  Heitmeyer  (1988)  determined 
that  the  feathers  of  adult  females  in  basic  plumage  averaged  a  dry  mass  of  72.7g.  Bell- 
rose  and  Holm  (1994)  examined  an  adult  male  Wood  Duck  {Aix  sponsa )  collected  in 
early  November  and  counted  8,  216  contour  feathers,  weighing  38.9g.  and  calculated  it 
would  require  67.9g.  of  ingested  protein  to  synthesize  the  feather  coat  (excluding  sheath 
and  down  feather  synthesis).  Hohman  et  al.  (1997)  presented  a  comparison  of  mean 
plumage  weight  to  body  mass  in  adult  male  waterfowl  and  provided  the  following  species 
accounts;  Blue-winged  Teal  {Anas  discors )  Basic  plumage  -  19.5g.,  Alternate  plumage  - 
21.0g.,  Cinnamon  Teal  {Anas  cyanoptera  s.)  Alternate  -  20.5g.,  Mallard  Basic  -  56.6g., 
Alternate  -  77.0g.,  Ring-necked  Duck  {Aythya  collaris)  Alternate  -  30.5g.,  Canvasback 
{Aythya  valisneria )  Alternate  -  59.7g.,  and  Ruddy  Duck  {Oxyura  jamaicensis )  Alternate  - 
24.9g. 

In  order  to  compare  species-specific  plumage  characteristics  in  waterfowl  this  investiga¬ 
tion  examines  10  species  of  Anatinae  and  provides  additional  information  on  total  feather 
numbers,  weight,  and  protein  requirements  for  synthesis. 

STUDY  AREA  AND  METHODS 

Wood  Duck,  Green-winged  Teal,  Gadwall  {Anas  strepera ),  American  Wigeon  {Anas 
americana ),  Mallard,  Ring-necked  Duck,  Lesser  Scaup  {Aythya  affinis ),  Redhead  {Aythya 
americana )  and  Hooded  Merganser  {Mergus  cucullatus )  were  collected  in  central  Illinois, 
November  1991  and  November  1992.  Blue- winged  Teal  were  collected  in  early  Septem¬ 
ber  1992.  Wood  Duck,  Blue-winged  Teal  and  Green-winged  Teal  were  examined  for 
total  contour  feather  numbers.  Birds  were  weighed  on  an  electronic  precision  balance  to 
the  nearest  O.lg.  Cloacal  characteristics  were  used  to  distinguish  adults  from  juveniles 
(Hochbaum,  1942).  Contour  feathers  were  removed  from  33  delineated  feather  tracts 
within  3  major  plumage  regions:  head  -  base  of  bill  to  base  of  hind-neck  and  throat,  body 
-  that  portion  excluding  the  head  and  innermost  wing  feathers,  and  wings  -  all  feathers  of 
wing  including  axillars  and  alula  region)  and  allowed  to  air  dry  before  being  weighed  to 
the  nearest  0.01  g.  Feathers  were  not  subjected  to  any  cleaning  or  artificial  drying  process 
prior  to  weighing.  Because  criteria  for  demarcation  of  tract  boundaries  was  not  always 
well  defined,  minor  variations  between  individuals  undoubtedly  occurred  (see  Bellrose 
and  Holm,  1994).  Feathers  within  each  plumage  tract  were  individually  counted  except 
for  the  crown,  side  of  head  and  chin/throat  areas.  Because  of  the  abundance  of  small 
feathers  in  these  tracts,  samples  of  feathers  were  counted  and  weighed  and  total  feather 
numbers  for  these  regions  were  estimated.  The  methodology  described  by  Bellrose  and 
Holm  (1994)  was  followed  to  determine  amount  of  dietary  protein  required  by  waterfowl 
to  synthesize  feathers.  To  ascertain  an  approximate  weight  and  calculate  dietary  protein 
requirements  for  down  feather  synthesis,  >95%  of  the  down  feathers  were  removed  from 
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six  Wood  Ducks,  five  Blue-winged  Teal  and  four  Green-winged  Teal  and  >95%  of  the 
down  feathers  from  one  adult  male  and  one  adult  female  of  seven  additional  duck  spe¬ 
cies. 


RESULT 

Male  and  female  plumage  mass  was  positively  correlated  (P  <0.01)  to  body  mass  (Figure 
1.).  Plumage  weight  was  consistently  greater  in  males  than  females  and  tended  to  be 
related  to  total  body  mass  (Table  1.)  but  was  not  statistically  significant  (P  >  0.10,  Cl 
-9.16,  20.08).  Plumage  weight  calculated  as  percentage  of  total  body  mass  for  all  male 
species  varied  from  4.5%  in  the  Lesser  Scaup  to  6.9%  in  the  Green-winged  Teal  and 
averaged  5.7%  as  a  group.  Female  plumage  weight  averaged  5.3%  of  total  body  mass 
and  ranged  from  a  low  of  4.2%  in  the  Lesser  Scaup  to  6.5%  in  the  Gadwall. 

Total  mean  contour  feather  numbers  for  male  Green- winged  Teal  were  significantly 
greater  (P  <  0.01,  Cl  1479,  3415,  df  =  5)  than  for  male  Wood  Ducks  or  Blue-winged 
Teal.  Total  mean  contour  feather  numbers  for  male  and  female  Green- Winged  Teal  as  a 
group  was  significantly  greater  (P  <  0.01,  Cl  1105,  2414,  df  =  20)  than  for  male  and 
female  Wood  Ducks  and  Blue- Winged  Teal  as  a  group.  Total  contour  feather  numbers 
expressed  as  percentage  of  total  feather  coverage  by  body  region  for  all  male  and  female 
species  examined  was:  head  -  54%,  body  -  29%,  and  wings  -  17%.  Mean  plumage  weight 
expressed  as  percentage  of  total  feather  mass  by  region  for  all  species  examined  was: 
body  -  55.5%,  wings  -  28%  and  head  -  5.5%.  Male  and  female  down  feathers  comprised 
an  additional  1 1%  of  total  plumage  weight. 

DISCUSSION 

Minor  variations  in  total  contour  feather  numbers  between  individuals  and  sexes  col¬ 
lected  during  the  same  season  have  been  reported  by  Wetmore  (1936),  Staebler  (1941), 
and  Korelus  (1947).  This  scenario  was  also  prevalent  in  the  examination  of  Wood 
Ducks,  Blue-winged  Teal  and  Green-winged  Teal  (Table  2).  Comparison  of  three  species 
of  waterfowl  examined  in  this  study  revealed  that  male  and  female  Green-winged  Teal  as 
a  group  had  significantly  (P  <  0.01)  more  feather  numbers  relative  to  either  Blue- Winged 
Teal  or  Wood  Ducks.  Although  Flutt  and  Ball  (1938)  determined  that  smaller  species 
tended  to  have  a  greater  amount  of  total  feather  numbers  in  relation  to  body  surface  area 
than  large  birds,  the  number  of  feathers  found  on  Green- winged  Teal  was  disproportion¬ 
ately  more  (P  <  0.01)  than  that  counted  on  Blue-winged  Teal  or  Wood  Ducks.  At  this 
time  the  correlation  of  body  surface  area  to  total  feather  numbers  and  weight  in  waterfowl 
is  unknown.  The  mean  calculation  of  8,975  feathers  on  female  Green-winged  Teal  in  this 
study  is  fewer  than  the  11,450  feathers  reported  by  Brodkorb  (1951).  This  discrepancy 
may  reflect  a  temporal  difference  in  collection  dates  or  comparative  difficulties  due  to 
small  sample  size. 

Data  collected  on  Blue-winged  Teal  may  be  bias  in  respect  to  timing  of  molt.  Birds  col¬ 
lected  in  Illinois  in  September  are  still  retaining  basic  plumage.  All  other  species  exam¬ 
ined  were  tentatively  classified  as  near  completion  of  full  alternate  plumage,  although  no 
exact  determination  of  the  extent  of  molt  was  ascertained.  Molt  terminology  follows 
Humphrey  and  Parkes  (1959). 
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The  calculated  5.5%  mean  plumage  weight  to  total  body  mass  value  from  10  species  of 
Anatinae  in  this  study  is  consistent  with  the  findings  of  Turcek  (1966)  who  determined 
that  the  amount  of  plumage  weight  delineated  as  percentage  of  total  body  mass  for 
aquatic  birds  is  less  than  the  mean  value  of  6.3%  determined  for  all  birds.  However,  his 
formulation  that  for  each  1%  increase  in  body  mass,  plumage  weight  increased  0.95% 
was  not  applicable  in  this  study.  For  example,  an  adult  male  Lesser  Scaup  had  a  mean 
body  mass  7%  less  than  an  adult  male  American  Wigeon  but  possessed  a  plumage  weight 
23%  less.  Similarly,  the  mean  body  mass  of  an  adult  female  Ring-necked  Duck  was 
nearly  equal  to  an  adult  female  Gadwall  yet  their  plumage  weight  was  27%  less.  I  found 
that  in  general  for  each  lg.  increase  in  body  mass  plumage  mass  increased  by  approxi¬ 
mately  0.06g.  These  discrepancies  in  the  relationship  between  body  mass  and  plumage 
weight  were  also  found  by  Hohman  et  al.  (1997)  in  their  attempt  to  predict  waterfowl 
plumage  weight  based  on  the  formula  presented  by  Turcek  (1966).  Individual  variation 
in  waterfowl  body  weights  (Bellrose,  1980)  presents  an  important  variable  in  estimating 
percent  plumage  mass  to  body  weight.  Results  of  this  study  on  total  contour  feather 
numbers  and  weights  are  comparable  to  the  results  of  Bellrose  and  Holm  (1994)  on  the 
Wood  Duck,  data  reported  by  Hohman  et  al.  (1997)  on  male  Blue-winged  Teal,  Ring¬ 
necked  Duck  and  Mallards,  and  the  results  of  Wielicki  (1986)  on  male  Mallards. 

Dietary  protein  ingestion  values  required  for  feather  synthesis  in  waterfowl  may  be  pro¬ 
portional  to  feather  weight  (Heitmeyer,  1988).  For  example,  the  mean  amount  of  protein 
necessary  for  male  and  female  Mallards  to  synthesize  feathers  (147.4g.)  is  3.1  times  the 
amount  that  would  be  required  for  Green-winged  Teal  (47.7g.).  This  does  not  imply  that 
dietary  requirements  are  greater  or  lesser  than  the  proportional  body  mass  presented  by 
individual  species.  Molt  and  associated  feather  synthesis  induce  essential  nutritional 
conditions  in  waterfowl  (Heitmeyer,  1988,  Bellrose  and  Holm,  1994,  Hohman  et  al., 
1997).  However,  the  costs  of  molt  are  directly  related  to  the  duration  of  feather  replace¬ 
ment  and  may  be  offset  by  temporal  acquisition  (Ankney,  1979,  Hohman,  1993,  and 
Hohman  et  al.,  1997).  These  costs  would  be  most  pronounced  when  rapid  sequential 
molting  of  feathers  is  required  such  as  acquisition  of  juvenile  plumage  or  during  annual 
wing  molt  for  adults.  Estimated  protein  costs  for  feather  synthesis  in  waterfowl  are  not 
solely  obtained  from  dietary  sources.  Hohman  (1993)  determined  that  a  small  proportion 
of  endogenous  protein  may  be  catabolized  by  Ruddy  Ducks  to  synthesize  feather  acquisi¬ 
tion,  thus  offsetting  potential  dietary  restraints. 

In  comparison  to  terrestrial  birds,  down  feathers  in  aquatic  birds  are  thought  to  be  highly 
developed  (Van  Tyne  and  Berger,  1976).  In  particular,  waterfowl  are  especially  noted  for 
their  abundance  of  down  feathers  and  the  functions  they  provide  in  thermoregulation  and 
female  nest  ecology.  Of  the  ten  species  examined,  down  feather  mass  averaged  1 1.0%  of 
total  feather  mass  and  9.1%  of  the  dietary  protein  necessary  for  complete  plumage  syn¬ 
thesis.  The  relative  value  of  down  feathers  necessitates  further  inquiry  into  the  potential 
cost/benefit  ratio  of  their  production  as  compared  to  total  feather  synthesis. 

Finally,  although  this  study  provides  only  minimal  baseline  data  on  waterfowl  feather 
characteristics,  it  does  present  some  comparative  difficulties  in  relating  species  specific 
plumage  patterns  to  body  mass.  I  would  suggest  a  more  comprehensive  comparison  of 
feather  numbers  and  weight  as  well  as  physical  properties  of  feathers  (e.g.  length,  width, 
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weight  of  contained  biochromes  etc.)  in  relation  to  body  surface  area  in  order  to  elucidate 
potential  physiological,  behavioral,  or  habitat-associated  functions  of  waterfowl  plumage. 
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Table  1.  Contour  and  down  feather  weights  (g.)  and  protein  (g.)  required  for  feather 
synthesis  for  adult  Wood  Duck,  Mallard,  Gadwall,  American  Wigeon,  Blue¬ 
winged  Teal,  Green-winged  Teal,  Redhead,  Ring-necked  Duck,  Lesser  Scaup 
and  Hooded  Merganser. 


Tribe/ 

Body 

Plumage  Mass 

Species3 

Mass 

Body 

Head 

Wings  Down 

Total 

Protein b 

CAIRINI 
Wood  Duck 


Male  692.0 

21.16 

2.17 

10.26 

3.74 

37.33 

78.19 

Female  629. 1 

17.61 

1.04 

9.92 

4.38 

32.95 

69.00 

AN  ATI N I 

Mallard 

Male  1,238.3 

43.66 

4.12 

20.48 

6.77 

75.03 

157.12 

Female  1,104.6 

34.27 

3.02 

20.24 

8.20 

65.73 

137.66 

Gadwall 

Male  762.2 

27.74 

1.48c 

15.70 

4.94 

49.86 

104.44 

Female  710.0 

25.69 

2.14 

13.64 

5.01 

46.48 

97.34 

American  Wigeon 

Male  880.8 

25.70 

3.03 

14.54 

4.78 

48.05 

100.63 

Female  678.9 

21.39 

1.79 

12.96 

4.18 

40.32 

84.44 

Blue-Winged  Teal 

Male  375.1 

12.05 

0.87 

7.17 

1.78 

21.87 

45.82 

Female  330.5 

9.65 

0.64 

6.06 

2.50 

18.85 

39.49 

Green- Winged  Teal 

Male  358.9 

14.27 

1.79 

6.18 

2.43 

24.67 

51.66 

Female  336.2 

8.81 

1.14 

4.90 

2.22 

17.07 

35.76 

AYTHYINI 

• 

Redhead 

Male  1,093.9 

35.33 

3.84 

15.10 

5.79 

60.06 

125.80 

Female  946.9 

27.90 

2.17 

12.18 

5.42 

47.67 

99.83 

Ring-necked, Duck 

Male  728.2 

21.50 

3.47 

9.70 

4.50 

39.17 

82.03 

Female  720. 1 

18.64 

2.02 

8.64 

4.85 

34.15 

71.51 

Lesser  Scaup 

Male  819.0 

20.86 

2.20 

9.96 

4.13 

37.15 

77.80 

Female  757.9 

17.89 

1.93 

9.08 

3.31 

32.21 

67.45 

MERGINI 

Hooded  Merganser 

Male  657.0 

19.65 

2.73 

7.76 

4.30 

34.44 

72.12 

Female  579.5 

16.26 

1.64 

7.30 

3.80 

29.00 

60.73 

a  n=l,  except  for  Wood  Duck  male  and  female  (n=2).  Blue-winged  Teal  male  (n= 3). 


b  Dietary  protein  amount  required  to  synthesize  total  contour  and  down  feathers.  Calculation  based  on  96% 
protein  content  of  feathers  (i.e.  96%  feather  weight)  times  55%  efficiency  of  conversion  (times  1.818)  plus 
20%  of  total  protein  requirement  for  sheath  production. 
c  This  value  may  represent  an  individual  anomaly. 
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Table  2.  Mean  regional  and  total  contour  feather  numbers  on  adult  and  juvenile  Green¬ 
winged  Teal,  Wood  Duck  and  Blue-winged  Teal. 


Male 

Head 

Body 

Wings 

Total 

Green- Winged  Teal 

6599 

2348 

1551 

10588 

n- 2 

r(6568-6630) 

r(2 176-2700) 

r(  1548- 1554) 

r(  10298- 10878) 

Wood  Duck 

4416 

2607 

1259 

8282 

n= 5 

K4181-4612) 

r( 2420-2733) 

r(  1104-1390) 

r(7908-8732) 

Blue- Winged  Teal 

3822 

2395 

1515 

7731 

n=5 

r(3676-3935) 

r(23 16-2589) 

r(  1352- 1648) 

r(7500-8059) 

Female 

Head 

Body 

Wings 

Total 

Green- Winged  Teal 

4958 

2408 

1609 

8975 

n= 2 

K4855-5060) 

K2404-2412) 

r(  1578- 1640) 

r(8907-9042) 

Wood  Duck 

4420 

2611 

1405 

8346 

n=5 

r(41 36-4581) 

r(2536-2736) 

r(  13 36- 1476) 

r(8 148-8699) 

Blue- Winged  Teal 

3558 

2428 

1422 

7409 

n= 3 

r(3425-3641) 

r(2400-2462) 

r(  1370- 1466) 

r(73 14-7473) 

Plumage  (g) 
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Figure  1.  Relationship  of  plumage  mass  to  body  mass  for  10  species  of  adult  male  and 
female  (n=20,  p<0.01,  df  19)  waterfowl. 


Regression 


Plumage  (g)  =  -1.25085  +  0.0567450  Body  (g) 

S  =  4.94987  R-Sq  =  90.0  %  R-Sq(adj)  =  89.4  % 
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Erratum 


On  page  212  of  volume  95,  issue  3  of  the  Transactions  of  the  Illinois  State  Academy  of 
Science,  the  rivers  indicated  in  Figure  1,  “Map  of  the  Illinois  Waterway,”  did  not  print. 
This  error  is  corrected  on  the  following  pages.  For  ease  of  insertion  into  the  issue,  both 
page  211,  with  the  Literature  Cited,  and  page  212,  with  Figure  1  are  reprinted  with  their 
appropriate  numeration. 
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Figure  1.  Map  of  the  Illinois  Waterway.  The  Illinois  Waterway  includes  the  Illinois 
River,  Des  Plaines  River,  and  navigable  channels  that  connect  these  with  Lake 
Michigan.  La  Grange  Reach  is  an  eighty  mile  reach  of  the  Illinois  River  in 
central  Illinois,  located  between  the  La  Grange  Lock  and  Dam  (L&D,  RM 
80.0)  and  Peoria  L&D  (RM  157.8). 
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Notable  Plant  Records  from  Missouri 


Mark  A.  Basinger 

Department  of  Science  and  Mathematics 
Barton  College,  Wilson,  NC  27893 


INTRODUCTION 

The  objective  of  this  paper  is  to  document  the  addition  of  three  state  records,  one  county 
record,  and  one  current  record  of  a  historical  collection  to  the  Missouri  flora.  Of  these 
five  taxa,  four  are  non-native  to  Missouri  and  have  escaped  from  cultivation.  Specimens 
are  deposited  at  the  Missouri  Botanical  Garden  (MO).  Nomenclature  follows  Gleason 
and  Cronquist  (1991). 


DICOTYLEDONS 

Lunaria  annua  L.  (Honesty,  silver-dollar  plant;  Brassicaceae),  Cape  Girardeau  Co.,  rare 
at  the  edge  of  a  degraded  mesic  upland  forest  at  1828  New  Madrid  Street  in  Cape 
Girardeau  with  amur  honeysuckle,  box  elder,  Japanese  honeysuckle,  multiflora  rose,  and 
woolly  blue  violet,  6  April  2000,  Basinger  12183. 

Silver-dollar  plant  is  a  new  state  record.  A  native  of  southeastern  Europe,  this  species  is 
commonly  cultivated  and  is  occasionally  escaped  from  cultivation.  Swink  and  Wilhelm 
(1994)  report  that  this  species  is  “rather  frequent  in  the  eastern  sector”  of  the  Chicago 
region.  In  the  United  States,  this  species  has  been  collected  in  25  states  from  Maine  west 
to  Minnesota  and  south  to  Arkansas  and  Georgia  in  the  east  and  from  Washington  south 
to  California  and  east  to  Nevada  in  the  west  (USDA,  NRCS  1999).  Plants  are  coarse 
annuals  or  biennials  to  1  m  tall  with  opposite  or  subopposite,  cordate  basal  leaves,  alter¬ 
nate  cauline  leaves,  flowers  with  large  purple  petals,  cordate  basal  leaves,  and  broadly 
elliptic  silicles  with  silvery  septa  are  diagnostic  characteristics  (Bailey  1940,  Femald 
1950,  Mohlenbrock  1986,  Gleason  and  Cronquist  1991). 

Lonicera  X  purpusii  Rehder  (Caprifoliaceae),  Cape  Girardeau  Co.,  rare  in  degraded  mesic 
upland  forest  at  1828  New  Madrid  Street  in  Cape  Girardeau  with  amur  honeysuckle,  box 
elder,  elderberry,  white  avens,  multiflora  rose,  woolly  blue  violet,  Japanese  honeysuckle, 
and  Virginia  wild  rye,  17  February  2000,  Basinger  12173. 

This  honeysuckle  is  a  new  state  record.  This  species  is  a  hybrid  of  Lonicera  fragrantis- 
sima  Lindl.  and  Paxton  and  L.  standishii  Jacques,  which  are  both  native  to  east  China. 
The  following  are  distinguishing  characteristics:  semi-evergreen  elliptic  to  obovate  leaves 
with  acute  or  acuminate  apices  and  setose-ciliate  margins,  glabrous  branches  with  solid 
white  pith,  fragrant  white  or  yellow  flowers  in  late  winter  to  early  spring,  and  red  to  or¬ 
ange,  oblong  berries  (Rehder  1940). 
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Rhamnus  citrifolia  (Weston)  W.  Hess  &  Stern  [R.  davurica  Pall.],  (Dahurian  buckthorn; 
Rhamnaceae)  Cape  Girardeau  Co.,  uncommon  in  degraded  mesic  upland  forest  at  1828 
New  Madrid  Street  in  Cape  Girardeau.  Escaped  from  a  planting  and  growing  with  amur 
and  Japanese  honeysuckle,  box  elder,  and  multiflora  rose,  17  May  2000,  Basinger  12246. 

Dahurian  buckthorn  is  a  new  state  record.  A  native  of  northeastern  Asia,  this  species  is 
occasionally  escaped  and  ranges  from  Connecticut  south  to  North  Carolina  and  west  to 
Nebraska  and  the  Dakotas  (Gleason  and  Cronquist  1991,  USDA,  NRCS  1999).  Gleason 
and  Cronquist  (1991)  indicate  that  this  species  is  very  similar  to  R.  lanceolata  Pursh, 
which  has  alternate  leaves.  Swink  and  Wilhelm  (1994)  state  that  this  species  is  currently 
localized  but  potentially  a  widespread  invasive  in  the  Chicago  region  and  feel  it  is  most 
similar  to  R.  cathartica  L.  because  both  species  have  branches  that  frequently  end  in 
thorns  and  are  members  of  section  Cervispina.  It  is  distinguished  from  R.  cathartica  by 
having  most  leaves  longer  than  7.5  cm,  a  shiny  adaxial  leaf  surface,  lance-oblong  to  el¬ 
liptic  or  elliptic-ovate  leaf  shape,  and  a  cuneate  leaf  base  (Rehder  1940,  Mohlenbrock 
1986,  Gleason  and  Cronquist  1991,  Swink  and  Wilhelm  1994). 

MONOCOTYLEDONS 

Lilium  superbum  L.  (Liliaceae),  Cape  Girardeau  Co.,  locally  common  in  mesic  forest 
along  intermittent  stream  approx.  50-100  yards  north  of  the  Otahki  Memorial  at  Trail  of 
Tears  State  Park  off  of  MO  177.  Most  plants  had  become  dormant  since  April,  6  July 
2000,  Basinger  12337. 

Turk’s  cap  lily  has  not  previously  been  reported  from  Cape  Girardeau  County. 
Yatskievych  (1999)  reports  this  species  from  Perry  County,  which  happens  to  be  adjacent 
to  Cape  Girardeau  County.  A  large  colony  of  several  hundred  plants  was  initially  ob¬ 
served  at  Trail  of  Tears  State  Park  in  April,  but  the  majority  of  the  plants  had  senesced  by 
July  due  to  dense  shading.  This  species  ranges  from  Pennsylvania  and  New  Hampshire 
south  to  Florida  and  west  to  Arkansas  and  Minnesota  (Gleason  and  Cronquist  1991, 
USDA,  NRCS  1999,  Yatskievych  1999).  It  is  most  similar  to  L.  michiganense  Farwell 
but  is  easily  distinguished  by  the  longer  anthers,  smooth  adaxial  leaf  surface,  and  white 
bulb  (Fernald  1950,  Radford  et  al.  1968,  Gleason  and  Cronquist  1991,  Yatskievych 
1999). 

Ornithogalum  nutans  L.  (Liliaceae),  Cape  Girardeau  Co.,  locally  abundant  at  a  cemetery 
on  a  hillside  off  of  New  Madrid  Street  in  Cape  Girardeau.  Plants  were  originally  planted 
at  several  gravesites  but  are  persisting  and  spreading,  15  March  2000,  Basinger  12177. 

Nodding  onion,  a  native  to  Europe  and  western  Asia,  is  known  in  Missouri  from  histori¬ 
cal  collections  from  Boone  and  Cape  Girardeau  counties  (Yatskievych  1999).  The  spe¬ 
cies  is  still  present  in  Cape  Girardeau  County,  where  it  is  locally  abundant  at  an  old  hill¬ 
top  cemetery.  In  the  United  States,  this  species  ranges  from  Pennsylvania  south  to  North 
Carolina,  west  to  Michigan,  Arkansas,  and  Missouri,  and  further  west  in  Oregon  and 
Washington  (USDA,  NRCS  1999).  This  species  is  a  bulbous  perennial  to  0.5  m  tall  with 
linear  leaves,  the  perianth  is  white  with  a  broad  green  stripe  on  the  outer  surface,  the  in¬ 
florescence  is  a  raceme,  and  the  flowers  nod  at  maturity  (Bailey  1940,  Fernald  1950, 
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Radford  et  al.  1968,  Mohlenbrock  1986,  Gleason  and  Cronquist  1991,  Yatskievych 
1999). 
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ABSTRACT 

The  woody  vegetation  of  the  16  ha  Karcher's  Post  Oak  Woods  Nature  Preserve  was  ex¬ 
amined  using  three  N/S  transects  50  x  300  m  in  size.  Tree  density  averaged  378.1 
stems/ha  with  a  basal  area  of  23.244  m2/ha.  Quercus  stellata  Wangh.  (post  oak)  domi¬ 
nated  the  overstory  with  78  stems/ha,  a  basal  area  of  10.761  m2/ha  and  an  importance 
value  of  67.0  (IV  =  200),  with  most  individuals  in  the  40-70  cm  diameter  classes.  In  con¬ 
trast,  Carya  ovata  (Mill.)  K.  Koch  (shagbark  hickory),  with  an  importance  value  of  63.2, 
was  second,  averaged  164  stems/ha  with  most  individuals  in  the  10-30  cm  diameter 
classes.  Except  for  black  oak,  oak  reproduction  was  low,  indicating  that  the  closed  can¬ 
opy  of  this  woodland  now  favors  the  more  shade-tolerant,  fire-sensitive  hickory  species. 
This  trend  suggests  a  reduced  importance  of  post  oak  in  the  future. 


INTRODUCTION 

Post  oak  ( Quercus  stellata  Wang.)  forests  are  common  in  the  Midwest  from  Ohio  to  Mis¬ 
souri,  being  particularly  abundant  on  the  Illinois  till  plain  (Telford  1926,  Braun  1950). 
These  woodlands  once  covered  approximately  2.25  million  ha  in  southern  Illinois  (Tel¬ 
ford  1926).  In  Illinois,  post  oak  commonly  dominated  barrens,  occurring  on  thin  soil  over 
bedrock  (Ebinger  et  al.  1994).  Also  common  in  flatwood  forests,  post  oak  is  associated 
with  Q.  bicolor  Willd.  (swamp  white  oak),  Q.  marilandica  Muenchh.  (blackjack  oak)  and 
Q.  palustris  Muenchh.  (pin  oak),  on  poorly  drained,  seasonally  wet,  heavy  clay  soils 
having  a  claypan  or  fragipan  near  the  surface  (Telford  1926,  Schwegman  1973,  Fralish 
1988,  Coates  et  al.  1992,  Taft  et  al.  1995).  These  extremely  compact  and  impermeable 
soils  impede  drainage  and  root  penetration. 
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On  better  drained  soils,  post  oak  is  usually  associated  with  Q.  velutina  Lam.  (black  oak), 
Carya  ovata  (Mill.)  K.  Koch  (shagbark  hickory),  and  C.  tomentosa  (Poir.)  Nutt,  (mocker- 
nut  hickory).  These  forests  on  more  mesic  sites,  with  greater  topographic  relief,  and 
lacking  the  edaphic  and  drainage  properties  of  flatwoods,  are  not  as  common  in  Illinois. 
Except  for  some  observations  by  Telford  (1926)  this  forest  type  has  not  been  studied  in 
detail. 

According  to  historical  records,  most  upland  forests  on  lands  with  gently  rolling  topogra¬ 
phy  were  relatively  open  (Anderson  and  Anderson  1975,  Ebinger  and  McClain  1991), 
and  could  be  characterized  as  open  woodlands  or  savannas  depending  upon  tree  densities. 
These  open  canopy  forests  represented  a  transition  between  the  extensive  prairies  on 
much  of  the  uplands  of  the  prairie  peninsula  and  the  closed  forests  of  the  dissected  terrain 
of  the  river  valleys.  At  the  time  of  European  settlement  these  open  canopy  forests  were 
fashioned  by  periodic  fires  (McClain  and  Elzinga  1994).  With  the  cessation  of  landscape 
fires,  woody  plant  encroachment  resulted  in  canopy  closure  (Ebinger  1986,  Ebinger  and 
McClain  1991).  Native  aborigines  and  later  European  settlers  were  probably  responsible 
for  most  of  these  fires  (Williams  1989,  Davies  1994,  McClain  and  Elzinga  1994). 

The  study  area  is  commonly  called  Cartway  Woods  since  it  was  traversed  by  an  early 
19th  Century  dirt  road,  or  cartway.  Mostly  in  private  ownership,  many  parts  of  the 
woods  show  some  recent  disturbance;  it  appears  that  the  woods  were  grazed  and  some 
timber  was  cut  for  firewood  and  lumber.  The  purpose  of  the  present  study  is  to  determine 
the  structure  and  composition  of  the  overstory  of  Karcher's  Post  Oak  Woods  Nature  Pre¬ 
serve. 


DESCRIPTION  OF  THE  STUDY  AREA 

Karcher's  Post  Oak  Woods  Nature  Preserve  is  located  in  Dahlgren  Township  (T4S  R5E) 
about  eight  miles  northwest  of  McLeansboro,  Hamilton  County,  Illinois  in  the  Mt. 
Vernon  Hill  Country  Section  of  the  Southern  Till  Plain  Natural  Division  of  Illinois 
(Schwegman  1973).  This  natural  division  is  characterized  by  nearly  flat  to  gently  rolling 
topography  that  was  mostly  timbered  before  European  settlement.  Though  mostly  com¬ 
posed  of  forest  and  savanna  in  presettlement  times,  extensive  prairie  inclusions  were  pre¬ 
sent.  Four  prairies  were  located  within  4  km  of  the  study  site  with  the  largest,  about  5  km2 
in  size,  being  described  as  a  wet  prairie  by  the  Government  Land  Office  (GLO)  surveyors 
(GLO  Field  Notes  Vol.  76,  Illinois  State  Archives).  Common  notations  in  the  GLO  field 
notes  for  this  area:  "land  flat  and  wet,"  "land  thinly  timbered  post  oak,  otherwise  prairie 
with  scattered  groves  of  timber." 

The  preserve,  16  ha  in  size,  is  located  at  the  edge  of  the  Mt.  Vernon  Hill  Country  Section 
near  the  broad  bottomlands  of  Skillet  Fork  (NW1/4  Sec  2  T4S  R5E).  Altitude  ranges 
from  134  m  to  141  m  above  sea  level.  Only  a  few  intermittent  streams  are  found  in  the 
immediate  area.  Recently  purchased  by  the  Illinois  Audubon  Society,  the  site  has  been 
dedicated  by  the  Illinois  Nature  Preserve  Commission.  The  preserve  contains  3  ha  of  old 
field  in  the  perennial  herb/pioneer  tree  stage  of  succession;  about  2  ha  of  successional 
forest,  the  trees  being  less  than  20  cm  dhb;  and  the  remainder  is  mature,  second  growth 
forest  (Figure  1). 
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The  soils  of  the  study  areas  are  Wynoose  and  Bluford  silt  loams  (Currie  1986).  These 
nearly  level  soils  are  poorly  drained,  and  occur  on  broad,  loess-covered  till  plains.  The 
seasonal  water  table  ranges  from  15  to  95  cm  below  the  surface  in  most  years,  and  sur¬ 
face  run-off  is  slow.  The  surface  and  subsoil  layers  are  generally  strongly  acidic. 

The  climate  is  continental,  characterized  by  humid,  hot  summers  and  cold  winters.  Aver¬ 
age  annual  precipitation  is  105  cm,  with  a  record  high  of  157.5  cm  in  1945  and  a  record 
low  of  68.3  cm  in  1936.  The  highest  temperature  on  record  is  45.6°C  for  14  July  1936, 
the  record  low  is  -31°C  for  18  January  1930.  During  an  average  year  there  are  51  days 
with  temperatures  higher  than  30°C,  and  108  days  lower  than  0°C.  The  frost-free  growing 
period  averages  184  days  (Bryan  and  Wendland  1995). 

METHODS 

In  the  mature  second  growth  forest  two  N/S  transects  50  x  300  m,  were  located  in  the 
preserve  during  the  summer  of  1999,  a  third  transect  being  added  in  2000.  The  transect 
boundaries  were  marked  with  permanent  metal  stakes  for  future  studies,  and  divided  into 
quadrats  25  m  on  a  side.  In  each  quadrat  all  living  and  dead-standing  woody  individuals 
10.0  cm  dbh  and  above  were  identified  and  their  diameters  recorded.  From  these  data  the 
living-stem  density  (stems/ha),  basal  area  (m2/ha),  relative  density,  relative  dominance, 
importance  value  (IV),  and  average  diameter  (cm)  were  calculated  for  each  species.  De¬ 
termination  of  the  IV  follows  the  procedure  used  by  McIntosh  (1957),  and  is  the  sum  of 
the  relative  density  and  relative  dominance.  Dead-standing  stem  density  (stems/ha),  ba¬ 
sal  area  (m2/ha),  and  average  diameter  were  also  determined  for  each  species. 

Woody  understory  composition  and  density  (stems/ha)  were  determined  using  nested 
circular  plots  randomly  located  at  20  meter  intervals  along  line  transects  within  the  study 
areas.  A  random  numbers  table  was  used  to  determine  the  number  of  meters  the  center 
point  of  the  nested  circular  plots  was  located  to  the  right  (odd  numbered  plots)  or  to  the 
left  (even  numbered  plots)  of  the  transect  line.  Four  additional  0.0001  ha  circular  plots 
were  located  7  m  from  of  each  center  point  on  each  of  the  four  cardinal  compass  direc¬ 
tions.  In  the  0.0001  ha  plot,  seedlings  (<50  cm  tall)  and  all  shrubs  were  counted;  in  the 
0.001  ha  circular  plots  small  saplings  (>50  cm  tall  and  <2.5  dbh)  were  recorded;  and  in 
the  0.01  ha  circular  plots  large  saplings  (2. 5-9.9  cm  dbh)  were  tallied.  Nomenclature 
follows  Mohlenbrock  (1986). 

RESULTS  AND  DISCUSSION 

Tree  density  in  the  woodlot  averaged  378.1  stems/ha  with  a  basal  area  of  23.244  m2/ha 
(Table  1).  Of  the  19  arborescent  species  encountered,  post  oak  ranked  first  with  an  IV  of 
67.0,  averaged  78.3  stems/ha,  and  accounted  for  more  than  46%  of  the  total  basal  area 
(10.761  m2/ha).  Most  of  the  post  oaks  were  in  the  larger  diameter  classes,  only  a  few 
being  found  in  the  10-19  cm  class.  Also,  the  average  diameter  of  39.9  cm  dbh,  and  the 
open-grown  appearance  of  the  larger  post  oaks  gives  an  indication  of  the  open  nature  of 
this  forest  in  the  distant  past.  No  seedlings  or  saplings  of  post  oak  were  encountered  dur¬ 
ing  the  understory  survey  (Table  2). 
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Of  the  remaining  oak  taxa,  black  oak  ranked  fifth  in  IV  (24.7),  averaged  17.9  stems/ha, 
and  had  most  individuals  in  the  smaller  diameter  class  as  indicated  by  the  average  di¬ 
ameter  of  27.8  cm  dbh  (Table  1).  This  species  ranked  third  in  seedlings  with  812 
stems/ha,  and  saplings  were  relatively  common  (Table  2).  Other  relatively  common  oak 
taxa  included  Q.  alba  L.  (white  oak)  and  Q.  rubra  L.  (red  oak)  which  ranked  sixth  and 
seventh  in  IV  respectively.  Both  had  IV's  less  than  10,  and  were  not  well  represented  in 
the  seedlings  and  sapling  categories. 

Hickories  were  important  components  of  the  woodlot.  Shagbark  hickory  ranked  second  in 
IV  mostly  due  to  the  large  number  of  individuals  present.  As  indicated  by  the  average 
diameter  of  17.3  cm  dbh,  most  were  in  the  10-20  cm  diameter  class  (Table  1).  This  taxon 
ranked  first  in  seedlings  (2593  stems/ha),  second  in  small  saplings  (640  stems/ha),  and 
first  in  large  saplings  (300  stems/ha)  (Table  2).  Of  the  remaining  hickory  taxa,  Carya 
glabra  (Mill.)  Sweet,  (pignut  hickory)  and  mockemut  hickory  ranked  third  and  fourth  in 
IV.  They  were  well  represented  in  the  smaller  tree  diameter  classes  (Tables  1). 

The  remaining  woody  species  were  not  common  none  had  an  IV  greater  than  1.0,  or  a 
density  greater  than  3  stems/ha.  Of  these,  some  were  common  in  the  seedling  and  sapling 
categories,  particularly  Fraxinus  pennsylvanica  Marsh,  (green  ash)  and  Prunus  serotina 
Ehrh.  (wild  black  cherry).  Understory  trees  included  Cornus  florida  L.  (flowering  dog¬ 
wood),  Morus  rubra  L.  (red  mulberry),  Cercis  canadensis  L.  (redbud)  and  Asimina 
triloba  (L.)  Dunal  (pawpaw)  (Table  2). 

In  the  woodlot,  tree  mortality  averaged  27.7  stems/ha  with  a  basal  area  of  1.732  m2/ha 
(Table  3).  Post  oak  had  the  highest  mortality  followed  by  black  oak  and  shagbark  hick¬ 
ory.  The  average  diameter  of  the  dead-standing  individuals  of  post  oak  was  34.6  cm  with 
the  largest  individual  being  59  cm  dbh. 

The  open-grown  structure  of  the  extant  large  post  oaks,  the  comments  made  by  the  sur¬ 
veyors  in  the  GLO  survey  notes,  and  the  lack  of  post  oak  reproduction  all  indicate  a  more 
open  forest  in  the  past.  Also,  many  of  the  cut  stumps  examined  on  surrounding  proper¬ 
ties  exceeded  200  years  in  age  and  contained  scars  from  101  separate  fire  events  from 
1776  to  1990,  indicating  that  fire  was  important  in  maintaining  the  open  condition  of 
these  forest  tracts  (McClain  and  Ebinger  2002,  McClain  et  al.  2003). 

This  decrease  in  oak  regeneration  and  the  subsequent  increase  in  more  mesic,  fire-sensi¬ 
tive  taxa  occurring  throughout  the  Midwest  (Ebinger  and  McClain  1991),  is  probably  due 
to  fire  suppression.  The  result  is  canopy  closure  that  favors  the  growth  of  shade-tolerant, 
fire-sensitive  species  at  the  expense  of  most  oaks.  Consequently,  young  post  oaks  are  not 
present  in  the  understory  to  take  advantage  of  canopy  openings  as  veteran  trees  die.  In¬ 
stead,  more  shade-tolerant,  fire-sensitive  species  having  higher  gap-phase-replacement 
potentials,  such  as  many  hickory  species,  are  entering  the  canopy. 
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Table  1.  Densities  (stems/ha),  diameter  classes,  basal  areas  (m2/ha),  relative  values,  importance  values  and  average  diameters  of  woody  species 
in  Karcher's  Post  Oak  Woods  Nature  Preserve,  Hamilton  County,  Illinois. 
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Table  2.  Density  (stems/ha)  of  the  seedlings  and  shrubs,  and  small  and  large  saplings  in 
Karcher's  Post  Oak  Woods  Nature  Preserve,  Hamilton  County,  Illinois. 


Species 

Seedlings 
and  Shrubs 

Small 

Saplings 

Large 

Saplings 

Cary  a  ovata 

2593.8 

640.6 

300.0 

Symphoricarpos  orbiculatus 

1718.8 

— 

— 

Quercus  velutina 

812.5 

390.6 

26.6 

Fraxinus  pennsylvanica 

468.8 

781.3 

— 

Prunus  serotina 

375.0 

31.3 

1.6 

Diospyros  virginiana 

281.1 

78.1 

3.1 

Sassafras  albidum 

218.8 

109.4 

18.8 

Quercus  alba 

218.8 

109.4 

3.1 

Quercus  imbricaria 

187.5 

— 

— 

Cary  a  glabra 

93.8 

15.6 

— 

Ulmus  americana 

62.5 

78.1 

12.5 

Quercus  rubra 

62.5 

15.6 

— 

Carya  tomentosa 

31.3 

15.6 

40.6 

Celtis  occidentalis 

31.3 

15.6 

1.6 

Ulmus  rubra 

— 

31.3 

1.6 

Cercis  canadensis 

— 

31.3 

— 

Asimina  triloba 

— 

15.6 

— 

Cornus  florida 

— 

— 

3.1 

Morus  rubra 

— 

— 

1.6 

Totals 


7156.6 


2359.4 


414.2 
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Table  3.  Density  (stems/ha),  basal  area  (m2/ha)  and  average  diameter  (cm)  of  the  dead¬ 
standing  trees  in  Karcher's  Post  Oak  Woods  Nature  Preserve,  Hamilton  County, 
Illinois. 


Species 

Density 

(stems/ha) 

Basal 

Area 

(m2/ha) 

Average 

Diameter 

(cm) 

Quercus  stellata 

10.7 

1.179 

34.6 

Quercus  velutina 

5.6 

0.143 

17.4 

Carya  ovata 

4.0 

0.125 

17.2 

Carya  glabra 

2.4 

0.123 

16.3 

Sassafras  albidum 

1.6 

0.019 

20.8 

Carya  tomentosa 

1.1 

0.091 

29.1 

Prunus  serotina 

0.9 

0.018 

16.0 

Quercus  alba 

0.7 

0.022 

19.7 

Others 

0.7 

0.012 

— 

Totals 

27.7 

1.732 
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Figure  1.  Aerial  photograph  showing  the  location  of  the  Karcher's  Post  Oak  Woods  Na¬ 
ture  Preserve,  Hamilton  County,  Illinois  (a  =  old  field,  b  =  successional  forest, 
c  =  mature  second  growth  forest  and  study  area). 
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ABSTRACT 

This  paper  updates  the  distribution  of  members  of  the  black  oak  [section  Lobatae ]  and 
white  oak  [section  Quercus ]  groups  native  to  Illinois.  In  addition  a  brief  discussion  of 
Illinois’  spontaneously  occurring  hybrid  oaks  is  presented.  The  findings  reported  are 
based  on  personal  collections,  herbarium  specimens,  and  published  documents. 


INTRODUCTION 

The  genus  Quercus  is  well  known  in  Illinois.  Although  some  taxa  are  widespread,  a  few 
have  a  limited  distribution.  Three  species  are  of  “special  concern”  and  are  listed  as  either 
threatened  ( Quercus  phellos  L.,  willow  oak;  Quercus  montana  Willd.,  rock  chestnut  oak) 
or  endangered  {Quercus  texana  Buckl.,  Nuttall’s  oak)  [Illinois  Endangered  Species  Pro¬ 
tection  Board  1999].  The  Illinois  Natural  History  Survey  has  dedicated  a  portion  of  its 
website  [www.INHS.uiuc.edu]  to  the  species  of  Quercus  in  Illinois.  A  discussion  of  all 
oaks  from  North  America  is  available  online  from  the  Flora  of  North  America  Associa¬ 
tion  [http://hua.huh.harvard.edu/FNA/]  and  in  print  [Jensen  1997,  Nixon  1997,  Nixon  and 
Muller  1997],  The  National  Plant  Data  Center  maintains  an  extensive  online  database 
[http://plants.usda.gov]  documenting  information  on  plants  in  the  United  States  and  its 
territories.  Extensive  oak  data  are  available  there  [U.S.D.A.  2001]. 

During  the  last  40  years  the  number  of  native  oak  species  recognized  for  Illinois  by  vari¬ 
ous  floristic  authors  has  varied  little  [Tables  1  &  2].  Mohlenbrock  and  Ladd  [1978], 
Mohlenbrock  [1986],  Mohlenbrock  and  Thomson  [1987],  and  Robertson  [1994]  identi¬ 
fied  the  same  20  species  [with  some  variations  in  taxonomy]  in  Illinois.  Elias  [1989]  and 
Little  [1953]  recognized  19  species  in  Illinois.  The  latter  two  [1]  omitted  Quercus  texana 
Buckl.  [syn.  =  Q.  nuttallii  Palmer]  from  Illinois;  [2]  merged  Q.  pagoda  Raf.  with  Q.fal- 
cata  Michx.  from  which  two  varieties  were  recognized,  Q.falcata  Michx.  var .  falcata 
and  Q.falcata  var.  pagodifolia  (Ell.)  Ashe;  and  [3]  believed  Q.  prinoides  Willd.  [dwarf 
chinquapin  oak]  to  be  in  Illinois.  Later,  Little  [1971,  1977,  1979]  omitted  the  species  Q. 
prinoides  from  the  atlases  and  checklist  of  trees  of  the  United  States,  apparently  because 
it  is  a  “clump-forming  shrub,  usually  low  but  rarely  treelike.”  Thus,  he  recognized  18 
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species  of  oaks  in  Illinois.  Jones  and  Fuller  [1955]  documented  18  oak  species  by  omit¬ 
ting  Quercus  texana  and  considering  Quercus  pagoda  a  synonym  of  Quercus  falcata. 
Additionally,  Jones  and  Fuller  [1955]  acknowledged  the  report  by  Kibbe  [1952]  of  Q. 
ilicifolia  Wang,  [bear  oak]  from  Hancock  County,  Illinois,  but  continued  to  state  they 
“have  no  evidence  that  the  bear  oak  occurs  west  of  the  Appalachian  Mountains.” 

In  the  Flora  of  North  America  [Jensen  1997,  Nixon  1997,  Nixon  and  Muller  1997]  21 
species  of  Quercus  are  recognized  within  the  state.  Jensen  [1997],  who  treated  the  black 
oak  group  [section  Lobatae ]  for  the  Flora  of  North  America  recognized  and  mapped  12 
species.  Nixon  and  Muller  [1997]  treated  the  white  oak  group  [section  Quercus]  for  the 
Flora  of  North  America  and  distinguished  nine  species  from  the  state.  The  disparity  of  20 
species  accepted  by  state  botanists  versus  21  species  documented  in  the  Flora  of  North 
America  is  based  upon  the  recognition  by  Nixon  and  Muller  [1997]  of  Quercus  prinoides 
[dwarf  chinquapin  oak]  as  distinct  from  Q.  muehlenbergii  [chinquapin  oak].  Mohlen- 
brock  and  Thomson  [1987]  considered  Q.  prinoides  and  Q.  muehlenbergii  to  be  varieties 
of  Q.  prinoides  [ Quercus  prinoides  Willd.  var.  prinoides  and  Quercus  prinoides  Willd. 
var.  acuminata  (Michx.)  Gleason,  respectively].  They  stated  that  dwarf  chinquapin  oak 
“does  not  occur  in  Illinois.”  In  this  paper  we  recognize  20  oak  species  in  Illinois  and 
agree  that  the  dwarf  chinquapin  oak  does  not  seem  to  occur  in  the  state  [Tables  1  &  2]. 

Jones  and  Fuller  [1955],  Mohlenbrock  [1986],  Mohlenbrock  and  Thomson  [1987],  and 
Robertson  [1994]  recognized  15-19  hybrids  within  the  genus,  13  of  which  are  common 
to  all  four  publications.  Little  [1953]  documented  12  hybrids  from  Illinois,  nine  of  which 
are  recognized  in  all  four  of  the  above  publications  [Tables  5  &  6].  Few  publications 
dealing  with  Quercus  focused  on  hybrids. 

Three  of  four  project  goals  are  reported  herein.  1.)  Assemble  a  complete  set  of  vegetative 
and  reproductive  voucher  specimens  of  the  genus  Quercus.  2.)  Update  the  distribution 
maps  for  the  oaks  of  Illinois  through  field  collections,  studies  in  herbaria  in  Illinois,  and 
distribution  notes  documented  in  recent  publications.  3.)  Report  on  the  known  oak  hy¬ 
brids  in  Illinois.  4.)  An  improved  key  to  the  oaks  of  Illinois  will  be  developed  for  future 
publication. 


METHODS  AND  MATERIALS 

We  began  collecting  specimens  for  this  study  in  the  fall  of  1991.  In  order  to  obtain  ma¬ 
ture  vegetative  and  reproductive  material,  in  good  condition,  our  collections  were  made 
during  the  autumn  months.  Only  full-sun  leaves  were  collected  whenever  possible.  To 
date,  about  790  of  our  personal  collections  including  nearly  4600  duplicates  have  been 
catalogued.  All  specimens  are  housed  at  MOR.  Duplicates  are  being  distributed  to  ND, 
ILLS,  ISM,  and  BRIT  [Holmgren  et  al.  1990]. 

Specimens  of  Quercus  from  Eastern  Illinois  University  [EIU],  the  Field  Museum  of 
Natural  History  [F],  the  University  of  Illinois  [ILL],  the  Illinois  Natural  History  Survey 
[ILLS],  Illinois  State  Museum  [ISM],  The  Morton  Arboretum  [MOR],  Southern  Illinois 
University  [SIU],  and  Western  Illinois  University  [MWI]  were  examined  for  this  study. 
From  these  herbaria  approximately  1900  herbarium  specimens  were  verified  by  one  or 
both  authors,  annotated  as  needed,  and  catalogued.  In  order  to  avoid  the  generation  of  a 
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cumbersome  data  base,  label  data  were  recorded  for  the  first  specimen  or  two  of  each 
taxon  per  county. 

Oak  hybrids  for  Illinois  listed  by  Kartesz  [1994]  with  valid  binomials  or  their  purported 
parentage  were  recorded.  All  comments  regarding  hybrids  in  this  paper  are  restricted  to 
the  combinations  presented  in  Tables  3  and  4. 

Phytologia,  Castanea,  Erigenia,  Transactions  of  the  Illinois  Academy  of  Science,  SIDA, 
and  American  Midland  Naturalist  volumes  published  after  Mohlenbrock  and  Ladd’s  Illi¬ 
nois  atlas  [1978]  were  examined  for  oak  distribution  data.  References  therein,  as  they 
pertain  to  this  project,  were  recorded  to  supplement  the  voucher  data. 

The  collection  records  were  compiled  in  a  Paradox  for  Windows  database  [Borland  Inter¬ 
national  1994].  Distribution  maps  were  generated  using  Maptitude  [Caliper  Corp.  1997]. 
For  all  maps  a  denotes  the  presence  within  the  county  of  a  taxon  for  which  we  have 
seen  a  voucher  specimen.  An  denotes  the  presence  within  the  county  of  a  taxon  for 
which  we  have  seen  only  a  literature  citation  other  than  Mohlenbrock  and  Ladd  [1978]. 
An  “O”  denotes  the  presence  within  the  county  of  a  taxon  for  which  we  have  seen  only  a 
reference  in  Mohlenbrock  and  Ladd  [1978]. 

As  indicated,  the  actual  number  of  species  recognized  from  Illinois  has  varied  little  over 
the  years,  but  their  taxonomy  and  plotted  distribution  have  not  been  as  constant.  We  have 
followed  the  nomenclature  in  the  Flora  of  North  America  [Jensen  1997,  Nixon  and  Mul¬ 
ler  1997].  Quercus  prinoides  [dwarf  chinquapin  oak]  has  been  omitted,  because  we  have 
neither  found  any  herbarium  specimens,  nor  located  it  in  the  field  in  Illinois.  Certain  oaks 
may  no  longer  exist  in  some  Illinois  counties,  because  of  intensive  and  extensive  agri¬ 
cultural  development.  Some  authors  of  regional  floras  [Swink  &  Wilhelm  1994,  Voss 
1985]  have  included  Q.  ellipsoidalis  E.  J.  Hill  [Hill’s  oak]  in  Q.  coccinea  Muenchh. 
[scarlet  oak]  following  the  work  of  Overlease  [1977],  whereas  we  have  segregated  the 
two.  Nuttall’s  oak,  known  in  many  earlier  works  as  Q.  nuttallii  Palmer  is  now  considered 
to  be  Q.  texana  Buckl.  [Dorr  and  Nixon  1985]. 

RESULTS  -  THE  WHITE  OAK  GROUP 
[QUERCUS  SECTION  QUERCUSl 

White  Oak  [Quercus  alba  L.] 

Our  collections  and  herbarium  work  confirm  the  presence  of  this  tree  in  all  counties  of 
Illinois  [Fig.  la]  as  shown  by  Mohlenbrock  and  Ladd  [1978].  Quercus  alba  in  Illinois 
falls  in  the  northwestern  quarter  of  the  plant’s  distribution  in  North  America  [Nixon  and 
Muller  1997].  Kartesz  [1994]  lists  seven  oak  hybrids  for  Illinois  in  which  Q.  alba  is  a 
putative  parent.  We  have  cataloged  all  seven  of  these  hybrids  [Tables  3  &  5]  from  Illi¬ 
nois.  The  hybrids  catalogued  are  Q.  x  jackiana  Schneid.,  Q.  x  bebbiana  Schneid.,  Q.  x 
beadlei  Trel.  ex  Palmer,  Q.  x  saulii  Schneid.,  Q  x  bimundorum  Palmer,  Q.  x  fernowii 
Trel.,  and  Q.  alba  x  Q.  muehlenbergii. 

Quercus  x  bimundorum  Palmer  is  unique  in  that  Q.  alba  hybridizes  with  the  non-native 
English  oak  [Q.  robur  L.].  Jones  and  Fuller  [1955]  report  the  hybrid  Q.  alba  x  Q. 
muehlenbergii  in  Illinois.  Apparently  no  binomial  for  this  plant  has  been  published,  con- 
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sequently  Kartesz  [1994]  and  Kartesz  and  Meachum[1999]  omitted  it  from  their  publica¬ 
tions.  We  cannot  confirm  its  existence  in  the  state. 

Swamp  White  Oak  [Quercus  bicolor  Willd.] 

The  habitat  of  swamp  white  oak  is  generally  low  wet  woods,  consequently  it  is  much 
more  occasional  than  might  be  surmised  from  its  fairly  wide  distribution  [Fig.  lb].  Illi¬ 
nois  falls  well  within  this  plant’s  North  American  distribution  [Nixon  and  Muller  1997]. 
Four  hybrids  of  this  taxon  are  reported  by  Kartesz  [1994].  Three  hybrids  [Q.  x  jackiana 
Schneid.,  Q.  x  humidicola  Palmer,  Q.  x  schuettei  Trel.]  are  reported  from  Illinois  and  we 
have  seen  vouchers  for  all  three  [Tables  3  &  5]. 

Overcup  Oak  [Quercus  lyrata  Walt] 

The  farthest  northwest  distribution  of  overcup  oak  occurs  in  the  southern  half  of  Illinois 
[Nixon  and  Muller  1997].  Trees  documented  by  Evers  [#306  at  ILL]  near  Quincy  [Adams 
County]  have  been  destroyed  by  flood  and  only  a  few  struggling  specimens  of  Quercus 
palustris  remain  at  that  locality.  The  only  Menard  county  voucher  is  from  a  tree  in  Lin¬ 
coln’s  New  Salem  State  Historical  site,  perhaps  indicating  a  cultivated  origin.  Quercus 
lyrata  is  an  uncommon  bottomland  tree  within  the  state;  found  most  often  in  the  far 
southern  counties  [Fig.  lc].  Kartesz  [1994]  includes  four  Q.  lyrata  hybrids,  two  of  which 
[Q.  x  humidicola  Palmer,  Q.  x  megaleia  Laughlin]  are  reported  from  Illinois  [Tables  3  & 
5]. 

Bur  Oak  [Quercus  macrocarpa  Muenchh.] 

Bur  oak  occurs  in  a  variety  of  habitats  in  Illinois,  but  it  is  best  known  as  a  tree  of  the  prai¬ 
ries.  Even  though  we  did  not  see  it  in  all  counties,  Mohlenbrock  and  Ladd  [1978]  are 
likely  correct  in  recording  it  from  every  county  in  the  state  [Fig.  Id].  It  occurs  from 
southeastern  Montana  to  far  south-central  Texas  then  northeastward  to  central  Tennessee 
and  on  north  to  New  Brunswick  [Nixon  and  Muller  1997].  Of  the  six  Q.  macrocarpa  hy¬ 
brids  listed  by  Kartesz  [1994]  five  [Q.  x  bebbiana  Schneid.,  Q.  x  schuettei  Trel.,  Q.  x 
megaleia  Laughlin,  Q.  x  byarsii  Sudworth,  Q.  x  deamii  Trel.]  are  recorded  from  Illinois 
[Tables  3  &  5]. 

There  has  been  some  confusion  regarding  the  name  of  the  hybrid  Quercus  x  deamii.  Tre- 
lease  [1924]  proposed  this  name  for  a  plant  that  he  considered  to  be  a  Q.  alba  x  Q. 
muehlenbergii  cross.  Palmer  [1948]  indicated  the  parentage  of  the  type  tree  of  Q.  x 
deamii  could  be  either  Q.  alba  x  Q.  muehlenbergii  or  Q.  alba  x  Q.  bicolor.  He  proposed 
the  name  Q.  x  fallax  as  the  binomial  for  Q.  macrocarpa  x  Q.  muehlenbergii.  Bartlett 
[1951]  showed  that  the  parentage  of  the  type  tree  of  Q.  x  deamii  was  most  likely  Q.  mac¬ 
rocarpa  x  Q.  muehlenbergii.  Based  on  Bartlett’s  evidence  Q.  x  deamii  has  generally  been 
accepted  as  the  correct  name  and  Q.  x  fallax  has  been  considered  a  synonym.  Hardin 
[1975]  presented  a  concise  discussion  of  the  confusion  over  the  name  Quercus  x  deamii. 
For  Illinois  we  have  seen  this  hybrid  reported  only  as  a  literature  citation  and  only  from 
Sangamon  county  [Illinois  Dept,  of  Natural  Resources  2001]. 

Basket  Oak  [Quercus  michauxii  Nutt.] 

This  tree  ranges  from  east  Texas  to  southern  Illinois  and  southern  Indiana,  then  southeast 
through  all  of  South  Carolina.  Additionally  it  extends  northward  along  the  eastern  sea¬ 
board  from  South  Carolina  to  northern  New  Jersey  [Nixon  and  Muller  1997].  The  report 
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from  Cass  county  [Mohlenbrock  and  Ladd  1978]  is  out  of  range,  based  upon  the  maps 
presented  by  Steyermark  [1963]  for  Missouri  and  Deam  [1940]  for  Indiana.  We  have 
been  unable  to  confirm  the  Cass  county  collection  and  consider  basket  oak  to  be  relegated 
to  the  southern  third  of  Illinois  [Fig.  le].  It  is  a  bottomland  species  like  Quercus  lyrata 
and  Q.  bicolor ,  and  we  have  not  found  it  to  be  abundant  at  any  location.  Of  the  three 
named  hybrids  involving  Q.  michauxii,  two  [ Q .  x  beadlei  Trel.  ex  Palmer,  Q.  x  byarsii 
Sudworth]  are  reported  from  Illinois  [Tables  3  &  5]. 

Rock  Chestnut  Oak  [Quercus  montana  Willd.] 

Quercus  montana  is  the  sole  member  of  the  white  oak  group  to  be  listed  as  threatened  in 
Illinois  [Illinois  Endangered  Species  Protection  Board  1999].  It  has  been  recorded  in  Al¬ 
exander,  Hardin,  Saline,  and  Union  counties  in  southern  Illinois  [Herkert  1991,  Fig.  If] 
and  we  have  verified  all  but  the  Hardin  county  record.  Collections  from  St.  Clair,  Pope, 
and  Mason  counties  have  been  recorded,  but  have  not  been  verified  by  us.  The  range  of 
Q.  montana  extends  from  extreme  southern  Illinois  through  south-central  United  States 
and  north  to  southern  New  England  [Little  1971,  Nixon  and  Muller  1997].  In  all  locations 
it  is  isolated  on  poor,  rocky,  upland  soils  [Nixon  and  Muller  1997].  Quercus  prinus  has 
been  another  name  for  rock  chestnut  oak,  but  Hardin  [1979]  explained  the  controversy  of 
the  binomials.  He  accepted  Q.  montana  as  the  correct  name  and  we  concur.  Three  hybrids 
are  listed  for  this  taxon  by  Kartesz  [1994],  however  only  Q.  x  saulii  is  recorded  from 
Illinois  [Tables  3  &  5].  This  is  a  hybrid  with  Q.  alba ,  a  common  upland  woods  associate 
with  Q.  montana  in  southern  Illinois. 

Chinquapin  Oak  [Quercus  muehlenbergii  Engelm.] 

Quercus  muehlenbergii  is  widespread  in  Illinois  [Fig.  lg],  commonly  found  where  lime¬ 
stone  is  at  or  very  near  the  soil  surface  [pers.  obs.].  Nixon  and  Muller  [Nixon  and  Muller 
1997]  showed  this  taxon  in  most  of  the  eastern  half  of  the  United  States.  Mohlenbrock 
and  Thomson  [1987]  mapped  this  taxon  from  every  county  in  Illinois. 

Kartesz  [1994]  listed  Quercus  x  deamii  as  the  only  hybrid  involving  Q.  muehlenbergii 
[see  Q.  macrocarpa  discussion].  Little  [1953]  and  Jones  and  Fuller  [1955]  indicated  a 
hybrid  between  Q.  alba  and  Q.  muehlenbergii  [unnamed  by  Kartesz  (1994)]  in  Illinois. 
Mohlenbrock  [1986]  misapplied  Q.  x  deamii  to  the  hybrid  between  Q.  alba  and  Q.  pri- 
noides  var.  acuminata  [  =  Q.  muehlenbergii  ]  in  Illinois.  Mohlenbrock  and  Thomson 
[1987]  indicated  the  white  oak/chinquapin  oak  hybrid  is  present  and  accepted  the  name 
Q.  xfaxonii  for  it.  We  were  unable  to  confirm  the  existence  of  Q.  alba  x  Q.  muehlenber¬ 
gii  in  Illinois  [Table  3  &  5]. 

Post  Oak  [Quercus  stellata  Wangenh.] 

Post  oak  is  a  tree  of  dry,  exposed,  upland  sites  in  the  southern  half  of  Illinois  [Fig.  lh] 
and  is  often  quite  abundant  in  these  localities.  This  species  occurs  in  the  south-central  to 
southeastern  sections  of  the  United  States  as  far  north  as  Massachusetts  [Nixon  and  Mul¬ 
ler  1997].  Of  the  five  possible  Q.  stellata  hybrids  listed  by  Kartesz  [1994]  only  the  cross 
between  this  taxon  and  Quercus  alba  [Q.  xfernowii ]  is  recorded  from  Illinois  [Tables  3  & 
5]. 
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RESULTS  -  THE  BLACK  AND  RED  OAKS 
[QUERCUS  SECTION  LOBATAE] 

Scarlet  Oak  [Quercus  coccinea  Muenchh.]  and  Hill’s  Oak  [Quercus  ellipsoidalis  E.  J. 

Hill] 

We  address  these  taxa  together,  because  not  all  students  of  oaks  agree  on  their  taxonomy. 
Jensen  [1985]  stated,  Quercus  ellipsoidalis  “is  easily  confused  with  Q.  coccinea  in  north¬ 
ern  Indiana,  where  their  ranges  overlap,  it  is  difficult  to  distinguish  the  two.”  This  very 
circumstance  occurs  as  well  in  northern  Illinois  and  it  is  particularly  problematic  for 
vegetative  specimens.  Overlease  [1977]  suggested  that  Hill’s  oak  populations  would  be 
best  considered  a  “northern  small-fruited  expressions  of  Scarlet  Oak.” 

Jensen  [1985,  1997],  Mohlenbrock  [1986],  Mohlenbrock  and  Ladd  [1978],  and  Mohlen- 
brock  and  Thomson  [1987]  treat  Quercus  ellipsoidalis  and  Q.  coccinea  as  separate  spe¬ 
cies.  Others  such  as  Overlease  [1977],  Voss  [1985],  and  Swink  and  Wilhelm  [1994]  con¬ 
sidered  them  as  one  species,  in  which  case  Q.  coccinea  has  priority. 

Scarlet  oak  [sensu  strictu ],  according  to  Mohlenbrock  and  Ladd  [1978]  and  Mohlenbrock 
and  Thomson  [1987],  is  found  only  in  southern  Illinois  and  is  completely  segregated  from 
Hill’s  Oak  to  the  north.  We  follow  Jensen’s  treatment  in  considering  [1]  scarlet  oak  to  be 
at  or  very  near  its  northwestern  limit  of  distribution  in  northern  Illinois;  [2]  scarlet  oak  to 
be  distinct  from  Hill’s  oak;  and  [3]  Hill’s  oak  to  be  at  or  near  its  southern  limit  in  north¬ 
ern  Illinois  [Jensen  1997].  The  distributions  of  Quercus  coccinea  and  Q.  ellipsoidalis  are 
presented  in  Figures  2a  and  2b,  respectively.  According  to  Kartesz  [1994]  two  hybrids 
exist  where  Q.  coccinea  is  one  of  the  parents  and  a  third  hybrid  where  Q.  ellipsoidalis  is  a 
parent.  We  have  been  able  to  locate  vouchers  for:  Q.  x  benderi  Baenitz  and  Q.  x  palaeo- 
lithicola  Trel.  [Tables  4  &  6]. 

Southern  Red  Oak  [Quercus  falcata  Michx.] 

This  oak  is  found  only  in  southern  Illinois.  In  North  America  southern  red  oak  is  distrib¬ 
uted  from  northern  Florida  to  east  Texas  and  as  far  north  as  southern  Missouri  in  the  west 
and  Long  Island,  New  York  in  the  east  [Jensen  1997].  Southern  red  oak  is  a  tree  of  drier 
upland  sites  in  18  southern  Illinois  counties  [Fig.  2c].  A  herbarium  voucher  that  repre¬ 
sents  an  outlier  from  Christian  county  exists  and  needs  further  investigation  prior  to  ac¬ 
ceptance.  Six  of  Kartesz ’s  [1994]  Quercus  falcata  hybrids  are  possible  in  Illinois.  We 
have  seen  vouchers  for  Q.  x  palmeriana  A.  Camus,  Q.  x  incomita  Palmer  and  Q.  x 
willdenowiana  (Dippel)  Beissner,  Schelle  &  Zabel  [Tables  4  &  6]. 

Shingle  Oak  [Quercus  imbricaria  Michx.] 

Shingle  oak  is  widespread  in  Illinois  [Fig.  2d].  It  is  most  frequent  on  drier  sites  in  the 
southern  half  of  the  state.  There  it  sometimes  forms  small  dense  stands  and  may  even 
become  a  common  fence  row  tree.  Little  [1977],  Jensen  [1997],  Mohlenbrock  &  Ladd 
[1978],  and  Mohlenbrock  &  Thomson  [1987]  mapped  Q.  imbricaria  from  most  counties 
in  northern  Illinois.  We  have  seen  few  county  vouchers  from  this  area  and  it  may  be  that 
the  taxon  has  been  eliminated  from  or  made  scarce  in  some  of  these  northern  counties.  Its 
general  North  American  distribution  is  from  Maryland  to  southern  Michigan  and  south¬ 
ern  Iowa  south  to  eastern  Kansas,  Arkansas,  Tennessee,  and  western  North  Carolina  [Jen¬ 
sen  1997].  The  six  shingle  oak  hybrids  listed  by  Kartesz  [1994]  that  are  represented  in  the 
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Illinois  flora  include:  Q.  x  palmeriana  A.  Camus,  Q.  x  tridentata  (A.  DC.)  Trel.,  Q.  x  ex- 
acta  Trel.,  Q.  x  runcinata  (A.  DC.)  Engelm.,  Q.  x  egglestonii  Trel.,  and  Q.  x  leana  Nutt. 
[Tables  4  &  6]. 

Blackjack  oak  [Quercus  marilandica  Muenchh.] 

Blackjack  oak  occurs  in  southern  Illinois  [Fig.  2e]  and  shares  with  Quercus  stellata  dry, 
exposed,  upland  sites.  Its  distribution  in  the  United  States  is  nearly  an  exact  overlay  with 
that  of  Q.  stellata.  Of  the  hybrids  listed  by  Kartesz  [1994]  with  Q.  marilandica  as  one 
putative  parent,  six  are  possible  in  Illinois.  We  have  located  vouchers  for  three  hybrids 
[Tables  4  &  6]:  Q.  x  incomita  Palmer,  Q.  x  tridentata  (A.  DC.)  Trel.,  and  Q.  x  bushii 
Sarg. 

Water  oak  [Quercus  nigra  L.] 

The  presence  of  Quercus  nigra  is  documented  by  herbarium  specimens  from  five  coun¬ 
ties  in  southern  Illinois.  Vouchers  from  four  of  the  counties  appear  to  be  of  cultivated 
origin.  The  voucher  specimen  from  the  fifth  county  [Wabash]  is  dated  September,  1919. 
To  date,  we  have  been  unable  to  locate  either  the  tree[s]  of  provenance  for  the  Wabash 
county  site  or  any  other  extant  native  population  of  water  oak  in  Illinois.  The  nearest 
known  native  populations  are  found  in  the  “boot-heel”  region  of  Missouri  [G. 
Yatskevich,  pers.  comm.]  and  western  Kentucky  [Jensen  1997].  The  natural  distribution 
of  Q.  nigra  extends  from  the  aforementioned  region  to  east  Texas,  across  southeastern 
United  States  to  Florida,  and  as  far  north  as  Delaware  [Jensen  1997].  Future  collecting  in 
the  bottomlands  of  Alexander  County  near  Cairo  and/or  in  the  Wabash  County  location 
may  confirm  the  presence  of  native  specimens  of  water  oak  in  Illinois. 

Cherrybark  Oak  [Quercus  pagoda  Raf.] 

Cherrybark  oak  is  primarily  a  bottomland  tree  found  in  thirteen  counties  of  southern  Illi¬ 
nois  [Fig.  2f|.  Its  distribution  extends  from  southern  Indiana  and  Illinois  to  east  Texas  and 
follows  the  coastal  plain  eastward  to  southeastern  Virginia  [Jensen  1997].  It  has  been 
reported  from  Tazewell  county,  but  this  report  is  probably  erroneous  as  that  locality  is  far 
outside  the  normal  range  for  this  taxon.  We  have  not  found  this  species  to  be  abundant  in 
areas  where  it  does  occur. 

Kartesz  [1994]  listed  Quercus  phellos  as  hybridizing  only  with  Q.  pagoda  [=  Quercus  x 
ludoviciana ].  This  hybrid  was  reported  from  Illinois  by  Robertson  [1994].  Mohlenbrock 
[1986]  and  Mohlenbrock  and  Thomson  [1987]  also  report  Q.  x  ludoviciana  from  Illinois, 
but  misapply  it  to  the  cross  between  Q.  falcata  and  Q.  phellos.  They  do  not  indicate  Q. 
pagoda  x  Q.  phellos  as  being  in  the  state.  We  have  seen  no  voucher  specimens  of  this 
hybrid  from  Illinois  [Tables  4  &  6].  In  all  likelihood,  the  hybrid  would  be  rare  since  the 
distribution  of  the  putative  parents  is  limited. 

Pin  Oak  [Quercus  palustris  Muenchh.] 

Pin  oak  is  scattered  throughout  the  state  [Fig.  2g].  It  has  an  east-central  distribution  in  the 
United  States  similar  to  that  of  Quercus  imbricaria  [Jensen  1997].  Despite  distribution 
similarities  in  North  America,  shingle  oak  is  a  tree  of  drier  sites,  while  pin  oak  often  in¬ 
habits  mesic  to  hydric  localities.  Five  of  the  hybrids  listed  by  Kartesz  [1994]  involving 
this  species  are  possible  from  Illinois.  They  are  Q.  x  exacta  Trel.,  Q.  x  columnaris 
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Laughlin,  Q.  x  schochiana  Deick  ex  Palmer,  Q.  x  mutabilis  Palmer  &  Steyermark,  and  Q. 
x  vaga  Palmer  &  Steyermark  [Tables  4  &  6]. 

Willow  Oak  [Quercus  phellos  L.] 

Willow  oak,  a  tree  of  wet,  poorly  drained  bottomlands,  is  native  to  southeastern  United 
States  and  northward  along  the  eastern  seaboard  to  New  York  [Jensen  1997].  In  Illinois  it 
is  restricted  to  five  counties  in  the  southern  tip  of  the  state  [Herkert  1991,  Fig.  2h]  and  is 
considered  a  threatened  species  [Illinois  Endangered  Species  Protection  Board  1999].  Of 
the  eight  possible  hybrids  involving  this  taxon  in  Illinois  [Kartesz  1994],  Q.  x  ludoviciana 
Sarg.,  Q.  x  schochiana  Dieck  ex  Palmer,  Q.  x  heterophylla  Michx.,  and  Q.  x  filialis  Little 
are  recorded  [Tables  4  &  6]. 

Northern  Red  Oak  [Quercus  rubra  L.] 

Northern  red  oak  is  native  to  most  of  the  eastern  half  of  the  United  States  [Jensen  1997]. 
We  have  seen  voucher  specimens  of  northern  red  oak  from  99  counties  in  Illinois  and 
Mohlenbrock  and  Thomson  [1987]  are  undoubtedly  correct  in  suggesting  this  taxon  is 
present  in  every  Illinois  county  [Fig.  2i].  Six  red  oak  hybrids  are  possible  from  Illinois 
[Kartesz  1994]  and  five  [Q.  x  benderi  Baenitz,  Q.  x  runcinata  (A.  DC.)  Engelm.,  Q.  x 
columnaris  Laughlin,  Q.  x  heterophylla  Michx.,  and  Q.  x  hawkinsiae  Sudworth]  have 
been  confirmed  [Tables  4  &  6]. 

Shumard  Oak  [Quercus  shumardii  Buckley] 

Three  varieties  of  this  taxon  have  been  reported  from  Illinois  -  Quercus  shumardii  Buckl. 
var.  shumardii,  Q.  shumardii  var.  schneckii  (Britt.)  Sarg.,  Q.  shumardii  var.  stenocarpa 
Laughlin.  The  purported  varieties  are  distinguished  according  to  the  depth  of  the  cupule, 
the  degree  to  which  the  cupule  covers  the  nut,  and  the  shape  of  the  nut  [Jensen  1997, 
Laughlin  1969].  We  do  not  recognize  the  varieties  and  consider  them  synonyms  of  Q. 
shumardii  [Hess  &  Stoynoff  1998]. 

Quercus  shumardii  is  confined  to  the  southern  third  of  Illinois  [Fig.  2j].  Literature  reports 
[Jones  and  Bell  1974,  Mohlenbrock  1986,  Mohlenbrock  and  Thomson  1987]  indicate  this 
taxon  occurs  in  the  Sangamon  River  basin  of  McLean  County,  but  its  presence  there  re¬ 
mains  unconfirmed  by  us.  Quercus  shumardii  is  primarily  a  member  of  the  flora  of 
southeastern  United  States,  with  scattered  reports  from  southern  Ontario,  Michigan, 
Pennsylvania,  Virginia,  and  Maryland  [Jensen  1997].  Eight  hybrids  involving  this  taxon 
are  listed  as  possibilities  in  Illinois  [Kartesz  1994],  of  which  two  [Q.  x  egglestonii  Trel., 
Q.  x  mutabilis  Palmer  &  Steyermark]  have  been  reported  [Tables  4  &  6]. 

Nuttall’s  Oak  [Quercus  texana  Buckley] 

Nuttall’s  oak,  a  bottomland  tree  of  the  lower  Mississippi  River  valley,  reaches  its  most 
northern  range  in  southern  Illinois  [Jensen  1997].  It  is  extant  in  only  Alexander  and  Pu¬ 
laski  counties  of  Illinois  and  occurs  there  only  rarely.  The  tree  has  been  reported  from, 
but  may  no  longer  exist  in,  Massac  county  [Herkert  1991].  We  have  been  unable  to  con¬ 
firm  its  presence  there  [Fig.  2k].  This  plant  is  listed  among  the  endangered  species  of 
Illinois  [Illinois  Endangered  Species  Protection  Board  1999].  No  hybrids  for  this  oak  are 
recorded  from  the  state. 
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In  1860  Buckley  published  a  description  of  an  oak,  presumably  from  east  Texas  [Dorr  & 
Nixon  1985],  which  he  named  Quercus  texana.  During  the  ensuing  years  he  altered  [con¬ 
fused?]  his  own  description  such  that  the  binomial  Q.  texana  was  primarily  applied  by 
botanists  to  an  oak  tree  of  the  Edwards  Plateau  of  central  Texas.  Palmer  [1927]  described 
an  oak  based  upon  specimens  from  bottomlands  in  Arkansas,  Louisiana,  Mississippi,  and 
Texas,  which  he  named  Q.  nuttallii.  After  studying  the  collections  and  correspondence  of 
Buckley,  Dorr  &  Nixon  [1985]  were  able  to  clarify  the  nomenclatural  confusion  sur¬ 
rounding  these  two  oaks.  They  concluded  that  the  original  oak  described  by  Buckley  was 
the  same  taxon  described  by  Palmer.  Accordingly  the  name  Quercus  texana ,  designated 
by  Buckley  for  the  bottomland  tree  of  eastern  Texas,  has  priority  over  the  name  Q.  nut¬ 
tallii  proposed  by  Palmer.  The  more  western  tree  of  the  Edwards  Plateau  of  central  Texas 
now  was  nameless  and  became  Quercus  buckleyi  Nixon  &  Dorr. 

Black  Oak  [Quercus  velutina  Lam.] 

Like  northern  red  oak  this  taxon  is  distributed  throughout  the  eastern  half  of  the  United 
States  [Jensen  1997]  and  it  is  found  within  every  county  of  Illinois  [Fig.  21].  Unlike 
Quercus  rubra ,  which  is  found  in  mesic  woods,  Q.  velutina  is  found  more  commonly  on 
drier,  often  sandy,  upland  sites.  Ten  black  oak  hybrids  are  possible  in  Illinois  according 
to  Kartesz  [1994],  seven  of  which  are  reported  from  the  state  [Tables  4  &  6].  They  are  Q. 
x  palaeolithicola  Trel.,  Q.  x  willdenowiana  (Dippel)  Beissner,  Schelle  &  Zabel,  Q.  x 
leana  Nutt.,  Q.  x  bushii  Sarg.,  Q.  x  vaga  Palmer  &  Steyermark,  Q.  x  filialis  Little,  and  Q. 
x  hawkinsiae  Sudworth.  This  large  number  of  oak  hybrids  involving  Q.  velutina  is  proba¬ 
bly  in  part  a  function  of  the  widespread  distribution  of  black  oak. 

RESULTS  -  OAK  HYBRIDS  IN  ILLINOIS 

According  to  Kartesz  [1994]  32  named  black  oak  hybrids  [Quercus  section  Lobatae ]  and 

17  named  white  oak  hybrids  [Quercus  section  Quercus]  are  possible  in  Illinois.  To  date, 

18  hybrids  from  section  Lobatae  and  12  hybrids  from  section  Quercus  [one  unnamed]  are 
recorded  from  Illinois.  Of  the  31  hybrids  reported  from  Illinois,  we  have  seen  voucher 
specimens  for  24  -  of  which,  15  are  black  oak  and  nine  white  oak  hybrids  [Tables  3  -  6]. 

Considering  the  relatively  high  frequency  of  oak  hybridization  often  reported  [Little 
1979,  Jensen  1985,  Palmer  1948],  our  herbarium  studies  and  field  collecting  found  com¬ 
paratively  few  hybrid  oak  specimens.  Oak  hybrids  commonly  occur  as  scarce  single  indi¬ 
viduals  that  go  unnoticed  and  uncollected.  Recognition  of  an  oak  hybrid  is  often  difficult 
and  identification  commonly  uncertain.  Collectors  frequently  do  not  understand  the  nor¬ 
mal  variation  within  each  species  of  Quercus  and/or  the  impact  of  the  environment  on  the 
morphology  of  the  species.  Determination  of  parentage  is  commonly  at  best  conjecture, 
especially  when  a  collection  is  incomplete  [e.g.  vegetative  only]  and/or  involves  a  cross 
between  species  with  similar  forms  and  structure.  The  historical  difficulties  of  recogniz¬ 
ing  hybrid  individuals  and  determining  their  lineage  is  well  documented  [Palmer  1948; 
Jensen  &  Eshbaugh  1976a,  1976b]. 

Recently,  Tucker  and  Ebinger  [2001]  reviewed  the  status  of  Q.  x  leana  [Q.  imbricaria  x 
Q.  velutina]  and  Q.  runcinata  [Q.  imbricaria  x  Q.  rubra]  in  Illinois.  They  used  principal 
components  analysis  to  show  there  is  little  introgression  of  the  hybrid  populations  with 
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the  purported  parents.  They  documented  the  presence  of  Q.  x  leana  in  3 1  counties  and  the 
presence  of  Q.  runcinata  in  eleven  counties. 

Of  the  170  vouchered  hybrid  specimens  we  examined,  35  came  from  the  white  oak  group 
[section  Quercus].  Five  of  nine  vouchered  hybrids  from  Illinois  had  Quercus  alba  as  one 
parent  [Table  3].  This  was  not  astonishing  given  that  Q.  alba  is  present  in  all  Illinois 
counties,  grows  in  a  variety  of  habitats,  and  is  found  in  close  proximity  to  many  other 
members  of  section  Quercus.  Quercus  x  bebbiana  was  the  most  common  hybrid  in  sec¬ 
tion  Quercus.  Its  parents  [Q.  alba  and  Q.  macrocarpa ]  are  two  of  the  most  common  and 
widespread  oaks  in  Illinois. 

There  were  135  vouchered  putative  hybrid  specimens  from  the  black  oak  group  [section 
Lobatae ]  examined.  Quercus  imbricaria  and  Q.  velutina  were  the  most  common  parents 
among  the  collected  putative  hybrids  in  Illinois.  Fifty-seven  of  the  vouchered  hybrid 
specimens  examined  had  Q.  imbricaria  as  one  parent  and  one  hundred  six  had  Q.  velutina 
as  a  parent.  Quercus  x  leana  was  the  most  common  hybrid  found  [37  of  135  specimens]. 
Its  putative  parents,  not  coincidentally,  are  Q.  imbricaria  and  Q.  velutina.  This  illustrates 
two  important  points  regarding  hybrid  recognition.  [1.]  Easily  recognized  hybrids  like  Q. 
x  leana  are  more  frequently  collected  and  reported,  because  they  are  very  peculiar  and 
more  often  draw  the  attention  of  field  workers.  [2.]  Other  hybrids  are  encountered  and 
recognized  more  frequently,  because  they  are  the  progeny  of  common,  widely  distributed, 
and  relatively  easily  recognized  taxa  like  Q.  velutina. 

Certainly  the  occurrence  of  hybrid  oaks  in  Illinois  is  under-reported,  either  because  they 
are  scarce  and/or  overlooked  and/or  difficult  to  identify.  Even  so,  it  is  reasonable  to  ex¬ 
pect  the  number  of  hybrids  discovered  to  increase  in:  [1]  the  southern  section  of  the  state 
where  the  incidence  and  diversity  of  the  genus  Quercus  is  greatest,  [2]  other  areas  where 
the  woody  flora  is  heavily  botanized. 
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Table  1.  Published  Oak  Species  from  Illinois  by  various  authors.  Black/Red  Oak  Group  [Section  Lobatae]. 
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Table  2.  Published  Oak  Species  from  Illinois  by  various  authors.  White  Oak  Group  [Section  Quercus ]. 
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Table  3.  Possible  spontaneous  hybrids  from  the  white  oak  group  [section  Quercus ]  of  Illinois  following  Kartesz  [1994]. 
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Table  4.  Possible  spontaneous  hybrids  from  the  black  oak  group  [Section  Lobatae ]  of  Illinois  following  Kartesz  [1994]. 
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Table  4  [continued].  Possible  spontaneous  hybrids  from  the  black  oak  group  [Section  Lobatae ]  of  Illinois  following  Kartesz  [1994]. 
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Table  5.  Published  oak  hybrid  records  for  Illinois  in  the  white  oak  group  [Section  Quercus]. 
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Table  6.  Published  oak  hybrid  records  for  Illinois  in  the  black/red  oak  group  [Section  Lobatae]. 
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Figure  1.  [a  -  d]  Distribution  of  Quercus ,  section  Quercus  [white  oak  group]  in  Illinois. 

•  =  voucher  specimen  seen  by  authors.  *  =  taxon  documented  only  in  publi¬ 
cation  other  than  Mohlenbrock  &  Ladd  (1987).  O  =  taxon  documented  only 
in  Mohlenbrock  &  Ladd  (1987). 


a.  Ouercus  alba 


b.  Ouercus  bicolor 
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Figure  1.  [e  -  h]  Distribution  of  Quercus,  section  Quercus  [white  oak  group]  in  Illinois. 

•  =  voucher  specimen  seen  by  authors.  *  =  taxon  documented  only  in  publi¬ 
cation  other  than  Mohlenbrock  &  Ladd  (1987).  O  =  taxon  documented  only 
in  Mohlenbrock  &  Ladd  (1987). 


e.  Quercus  michauxii 


f.  Quercus  montana 


g.  Quercus  muehlenbergii 


h.  Quercus  ste/lata 
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Figure  2.  [a  -  d]  Distribution  of  Quercus,  section  Lobatae  [black  oak  group]  in  Illinois. 

•  =  voucher  specimen  seen  by  authors.  *  =  taxon  documented  only  in  publi¬ 
cation  other  than  Mohlenbrock  &  Ladd  (1987).  O  =  taxon  documented  only 
in  Mohlenbrock  &  Ladd  (1987). 


a.  Quercus  coccinea 


b.  Ouercus  ellipsoidalis 


c.  Ouercus  falcata 


d.  Ouercus  i  rubric  aria 
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Figure  2.  [e  -  h]  Distribution  of  Quercus ,  section  Lobatae  [black  oak  group]  in  Illinois. 

•  =  voucher  specimen  seen  by  authors.  *  =  taxon  documented  only  in  publi¬ 
cation  other  than  Mohlenbrock  &  Ladd  (1987).  O  =  taxon  documented  only 
in  Mohlenbrock  &  Ladd  (1987). 


e.  Quercus  marilandica  f.  Quercus  pagoda 
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Figure  2.  [i  -  1]  Distribution  of  Quercus,  section  Lobatae  [black  oak  group]  in  Illinois. 

•  =  voucher  specimen  seen  by  authors.  *  =  taxon  documented  only  in  publi¬ 
cation  other  than  Mohlenbrock  &  Ladd  (1987).  O  =  taxon  documented  only 
in  Mohlenbrock  &  Ladd  (1987). 


i.  Quercus  rubra 


j.  Quercus  shumardii 


k.  Quercus  texana 


I.  Quercus  velutina 
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ABSTRACT 

The  cytochrome  P450  enzyme  family  is  a  group  of  heme-thiolate  monooxygenases  (E.C. 
#1.14.4.1)  involved  in  the  metabolism  of  a  wide  variety  of  substrates,  including  xenobi- 
otics,  endogenous  lipids,  and  lipid  metabolites,  to  generate  potentially  cytotoxic  com¬ 
pounds.  In  this  study,  cytochrome  P450  isoenzyme  1A1  (CYP1A1)  activity  was  meas¬ 
ured  in  heart,  lung  and  liver  tissues  of  C57BL/6  female  mice  exposed  to  side-stream  ciga¬ 
rette  smoke  from  3  low  tar  cigarettes  per  day  for  up  to  6  months.  Activity  was  detected  by 
the  cytochrome  P450-mediated  O-dealkylation  of  ethoxyresorufin  to  release  fluorescent 
phenoxazone.  Cytochrome  P450  activity  was  enriched  in  the  microsomal  fractions  of 
liver,  lung  and  heart  tissues  of  control  mice.  After  one  month  of  exposure,  the  cyto¬ 
chrome  P450-mediated  O-dealkylation  of  ethoxyresorufin  was  lower  in  microsomal  frac¬ 
tions  from  the  experimental  group  relative  to  microsomal  fractions  from  the  control 
group.  The  largest  differences  were  observed  in  lung  and  heart  microsomes  which  de¬ 
creased  to  73.0%  and  65.2%  of  the  corresponding  control  microsomes,  respectively. 
Lung  tissue  isolated  from  mice  at  two,  four  and  six  months  of  exposure  to  filtered  air 
showed  a  2  to  2.5  fold  increase  in  microsomal-associated  cytochrome  P450  activity.  Mice 
exposed  to  side-stream  cigarette  smoke  over  the  same  intervals  showed  little  to  no  change 
in  cytochrome  P450  activity  associated  with  the  lung  microsomal  fraction  relative  to  the 
activity  measured  at  1  month  exposure.  The  decrease  in  lung  microsomal-associated 
cytochrome  P450  activity  upon  exposure  to  side-stream  cigarette  smoke  is  not  due  to  a 
redistribution  of  the  cytochrome  P450  protein  among  subcellular  organelles,  but  is  possi¬ 
bly  due  to  inactivation  of  the  enzyme. 

Abbreviations:  AHH,  aryl  hydrocarbon  hydroxylase;  BSA,  bovine  serum  albumin; 
CYP1A1,  cytochrome  P450  isoenzyme  1 A 1 ;  EDTA,  ethylenediaminetetraacetic  acid; 
NADPH,  reduced  nicotinamide  adenine  dinucleotide  phosphate;  P450,  cytochrome  P450; 
SN,  supernatant. 


INTRODUCTION 


We  are  exposed  to  a  multitude  of  potentially  toxic  chemicals  on  a  daily  basis.  Many  of 
these  compounds  are  chemically  inert  and  only  become  toxic  after  they  are  modified  in- 
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side  our  cells.  One  prominent  cellular  mechanism  for  the  generation  of  toxic  compounds 
and  detoxification  of  others  involves  the  P450  cytochromes  (Porter  and  Coon,  1991).  The 
P450  cytochromes  are  ubiquitous  proteins  found  in  all  organisms,  from  bacteria  to  hu¬ 
mans,  and  are  present  in  different  amounts  in  various  mammalian  tissues  (Walker  et  al., 
1995).  In  cells  of  higher  organisms,  P450  proteins  are  anchored  to  the  microsomal  mem¬ 
branes,  the  site  of  both  lipid  metabolism  and  the  detoxification  pathways  (Black,  1992). 
In  mammals,  the  highest  levels  of  constitutively-expressed  cytochrome  P450  are  ob¬ 
served  in  the  adrenal  tissues  and  testes  (Walker  et  al.,  1995).  However,  the  P450  cyto¬ 
chromes  from  liver  microsomes  have  been  the  most  extensively  studied  of  the  mammal¬ 
ian  homologs  with  regard  to  catalytic  activity  and  biological  function. 

Cytochrome  P450  is  an  enzyme  that  can  catalyze  either  oxidation  or  reduction  of  its  sub¬ 
strates.  Most  P450-mediated  reactions  involve  the  transfer  of  electrons  from  NADPH  to 
molecular  oxygen,  followed  by  the  insertion  of  a  single  oxygen  atom  into  the  substrate 
(Porter  and  Coon,  1991).  The  conversion  of  a  hydrocarbon  (RH)  to  the  corresponding 
alcohol  (ROH)  is  one  type  of  reaction  catalyzed  by  P450  to  facilitate  clearance  of  the 
nonpolar  xenobiotics.  Often  free  radicals  are  generated  as  byproducts  of  these  reactions, 
and  consequently  the  role  of  P450  in  detoxification  is  somewhat  contradictory  (Porter  and 
Coon,  1991).  For  instance,  P450  can  convert  ethanol,  a  xenobiotic,  to  an  even  more  det¬ 
rimental  substance,  acetaldehyde. 

Cytochrome  P450  has  been  investigated  quite  thoroughly  in  the  liver,  which  is  attributed 
to  the  liver’s  role  in  detoxification.  However,  the  lung  serves  as  another  organ  that  is  in 
direct  contact  with  xenobiotics  and  research  indicates  that  pulmonary  tissue  may  serve  as 
the  first  site  in  the  biotransformation  pathway  (Omiecinski  et  al.,  1990).  It  has  been  sug¬ 
gested  that  the  regulation  of  P450  isoenzyme  CYP1A1  gene  expression  in  cells,  such  as 
pulmonary  alveolar  macrophages  or  lung  epithelial  cells,  exposed  directly  to  environ¬ 
mental  substances  may  be  a  prime  determinant  of  susceptibility  to  the  detrimental  effects 
of  chemical  exposure  (Omiecinski  et  al.,  1990).  In  this  regard,  Murray  et  al.  (1997)  have 
shown  by  immunohistochemical  studies  that  the  P450  isoenzyme  CYP1B1  localizes  to 
cancerous  tissues,  including  lung  and  breast.  The  localization  of  CYP1B1  to  certain  tu¬ 
mors  may  have  significant  ramifications  on  cancer  treatment. 

In  this  study,  CYP1A1  activity  was  measured  in  heart,  lung  and  liver  tissues  of  C57BL/6 
female  mice  exposed  to  side-stream  cigarette  smoke  from  3  low  tar  cigarettes  per  day  for 
one  month.  Activity  was  detected  by  the  cytochrome  P450  mediated  O-dealkylation  of  a 
non-fluorescent  phenoxazone  ether  substrate  to  release  fluorescent  phenoxazone.  The 
expression  of  CYP1A1  activity  in  lung  microsomal  fractions  was  analyzed  following 
daily  exposure  to  side-stream  cigarette  smoke  for  up  to  6  months. 

MATERIALS  AND  METHODS 


Reagents  and  Animals 

Protein  binding  assay  reagents  were  purchased  from  Biorad  (Hercules,  CA  ).  All  other 
chemicals  were  purchased  from  Sigma  Chemical  Co  (St.  Louis,  MO).  Marlboro  Reds™ 
cigarettes  were  stored  at  4°C  until  day  of  use.  Female  strain  C57BL/6  mice  (Mus  muscu- 
lus)  were  purchased  from  the  Trudeau  Institute,  Saranac  Lake,  NY.  During  the  course  of 
the  experiment,  animals  were  housed,  5  per  box,  on  sterilized  wood  chips  in  polypropyl- 
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ene  boxes  with  wire  screen  lids.  The  animals  were  kept  at  23°C  on  a  twelve  hour  light- 
dark  cycle  and  had  free  access  to  conventional  laboratory  rodent  chow  and  water  ad  libi¬ 
tum  for  the  duration  of  the  study. 

Exposure  of  Mice  to  Cigarette  Smoke 

In  total,  twenty  6-8  week  old  C57BL/6  mice  weighing  15  to  20  g  were  divided  at  random 
into  two  groups.  One  group  of  10  mice  was  exposed  to  side-stream  cigarette  smoke  (ex¬ 
perimental  group)  from  3  Marlboro  Reds™  cigarettes  in  one  hour  (10-11  am)  per  day  for 
six  days  a  week  (2.0  L/min).  According  to  the  manufacturer,  each  cigarette  contains  15 
mg  tar  and  1.1  mg  nicotine.  The  experimental  treatment  involved  pumping  smoke  from 
the  lit  end  of  the  Marlboro  Reds™  cigarette  (side-stream  or  “second-hand”  smoke)  into  an 
isolated  chamber  (6.9  dm3).  The  control  group  (10  mice)  was  treated  in  the  same  manner, 
but  fresh  air,  instead  of  smoke,  was  pumped  into  the  chamber  at  2.0  L/min  for  one  hour 
(9-10  am)  per  day  for  six  days  a  week.  After  1,  2,  4,  or  6  months  of  treatment,  two  to 
three  mice  from  each  group  were  sacrificed  via  carbon  dioxide  asphyxiation.  All  animals 
were  sacrificed  48  hours  following  the  final  treatment. 

Preparation  of  Samples 

Tissue  were  kept  on  ice  during  all  stages  of  sample  preparation  and  maintained  between  2 
to  6°C  during  centrifugation.  The  hearts,  lungs,  and  livers  were  harvested  from  the  mice, 
weighed,  and  perfused  with  ice  cold  5.0  mM  TRIS-HC1  buffer(pH7.4)  containing  0.25  M 
sucrose  and  10  mM  EDTA.  Livers,  lungs,  and  hearts  from  each  group  were  homogenized 
in  5  volumes  of  ice  cold  5.0  mM  TRIS-HC1  buffer  (pH7.4)  containing  0.25  M  sucrose,  10 
mM  EDTA  and  10  //M  PMSF.  The  tissue  homogenates  were  subject  to  differential  cen¬ 
trifugation  at  4°C  using  a  Sorvall  RC5B  centrifuge  and  a  Beckman  L8-70M  ultracen¬ 
trifuge.  The  pellet  and  a  fraction  of  the  supernatant  (SN)  from  each  step  were  collected 
and  analyzed  for  total  protein  and  cytochrome  P450  activity. 

Analysis  of  Samples 

Total  protein  concentrations  in  tissue  homogenates  and  subcellular  fractions  were  deter¬ 
mined  using  the  Bio-Rad  Coomassie  brilliant  blue  G-250  protein  binding  assay  based  on 
the  method  of  Bradford  (1976).  Bovine  serum  albumin  (BSA)  served  as  the  protein  stan¬ 
dard.  The  activity  of  CYP1A1  in  each  sample  was  measured  by  the  O-dealkylation  of 
non-fluorescent  phenoxazone  ether  substrate  to  release  fluorescent  phenoxazone  (Burke, 
et  al,  1985).  Briefly,  100  //g  of  sample  protein  in  100  mM  phosphate  buffer,  pH  7.0, was 
equilibrated  at  37°C  for  2  minutes.  Reactions,  done  in  duplicate,  were  started  by  the  addi¬ 
tion  of  a  substrate  cocktail  to  give  a  reaction  mixture  containing  250  }M  NADPH,  and 
5.0  }M  ethoxyresorufin,  and  were  incubated  at  37°C  for  exactly  10  minutes.  Reactions 
were  stopped  by  the  addition  of  1 .0  mL  reagent  grade  methanol  and  cooled  to  room  tem¬ 
perature.  Fluorescence  emission  was  monitored  at  585  nm  (sw  10  nm)  following  excita¬ 
tion  of  the  sample  at  530  nm  (sw  5nm)  using  a  Perkin  Elmer  LS50B  Luminescence 
Spectrophotometer.  Control  reactions,  in  which  protein  was  replaced  with  homogeniza¬ 
tion  buffer,  contained  either  substrate  cocktail  (negative  control  or  blank)  or  50  nM  re- 
sorufin  (positive  control). 
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RESULTS 

Figure  1  compares  the  CYP1A1  activity  in  crude  and  microsomal  fractions  following  one 
month  of  treatment.  CYP1A1  activity  is  presented  as  a  percentage  of  the  activity  in  the 
crude  liver  extract  of  the  control  mice  group  of  that  study  in  order  to  normalize  for  varia¬ 
tions  between  experiments.  The  crude  tissue  extracts  show  comparable  levels  of  CYP1A1 
activity  between  the  experimental  and  control  groups  (Figure  1A).  Liver  exhibited  the 
highest  activity  in  the  crude  tissue  extract  (65.5  pmol/min/mg)  followed  by  lung  (78% 
control  crude  liver  CYP1A1  activity)  and  heart  (52-60%  control  crude  liver  CYP1A1 
activity).  The  CYP1A1  activity  was  slightly  enriched  in  the  microsomal  fractions  for  all 
tissues  studied  due  to  the  removal  of  non-P450  protein  and,  perhaps,  endogenous 
CYP1A1  inhibitors  by  differential  centrifugation  (Figure  IB).  For  all  tissues,  the 
CYP1A1  activity  in  the  microsomal  fractions  was  lower  for  the  experimental  group  than 
the  control  group.  The  largest  differences  were  observed  in  heart  microsomes,  which  de¬ 
creased  to  65.2%  of  the  activity  measured  in  heart  microsomes  from  the  control  group, 
and  lung  microsomes,  which  decreased  to  73.0%  of  the  activity  detected  in  lung  micro¬ 
somes  from  the  control  group. 

Figure  2  demonstrates  the  changes  in  lung  microsomal  CYP1A1  activity  over  the  six 
month  study.  Interestingly,  CYP1A1  activity  in  the  lung  microsomal  fraction  of  control 
mice  increased  dramatically  from  161%  to  405%  control  crude  liver  CYP1A1  activity 
between  one  and  two  months  of  treatment.  Four  and  six  months  into  the  study,  lung  mi¬ 
crosomes  of  the  control  group  exhibited  306  to  320%  of  the  control  crude  liver  CYP1A1 
activity.  This  increase  in  CYP1A1  activity  in  lung  microsomal  fractions  of  the  control 
group  may  be  due  to  development-associated  changes  in  the  expression  of  lung  cyto¬ 
chrome  P450  enzymes.  Alternatively,  this  discrepancy  may  be  due  to  insufficient  cell 
membrane  disruption  during  the  homogenization  process  of  the  samples  treated  for  one 
month.  CYP1A1  activity  associated  with  lung  microsomes  from  the  experimental  group 
remained  relatively  unchanged  throughout  the  study,  ranging  from  110  to  142%  of  the 
control  crude  liver  CYP1A1  activity.  At  all  time  points,  the  CYP1A1  activity  associated 
with  the  lung  microsomal  fraction  of  the  experimental  group  was  significantly  lower  than 
the  CYP1A1  activity  associated  with  the  lung  microsomal  fraction  of  the  control  group. 
The  largest  differences  were  observed  following  two  and  four  months  of  treatment,  each 
exhibiting  a  2.9  fold  decrease  in  CYP1A1  activity  between  control  and  experimental 
groups. 

It  has  been  previously  demonstrated  that  exposure  of  rats  and  mice  to  3-methylcholan- 
threne,  a  potent  chemical  inducer  of  CYP1A1,  resulted  in  the  induction  of  CYP1A1  in 
lung  tissue  as  detected  immunocytochemically  (Lee  and  Dinsdale,  1995).  Furthermore, 
immunostaining  localized  the  CYP1A1  protein  to  the  cytoplasm  of  the  rodent  lung  endo¬ 
thelial  cells.  To  examine  the  possibility  that  the  lung  CYP1A1  activity  in  the  mice  ex¬ 
posed  to  side-stream  cigarette  smoke  was  mislocalized  and  not  enriched  in  the  microso¬ 
mal  fraction,  we  analyzed  the  CYP1A1  activity  in  all  subcellular  fractions  collected  for 
the  2,  4,  and  6  month  time  points.  Figure  3  shows  the  subcellular  distribution  of  CYP1A1 
activity  in  lung  tissue  of  control  and  experimental  groups  following  two  months  of  treat¬ 
ment.  Subcellular  distribution  profiles  of  CYP1A1  activity  in  lung  tissue  after  4  and  6 
months  of  treatment  are  virtually  identical  (data  not  shown).  While  lung  CYP1A1  activity 
is  detected  in  all  of  the  subcellular  fractions,  the  majority  of  the  activity  in  both  the  con- 
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trol  and  experimental  groups  sediments  predominantly  with  the  microsomal  fraction  as 
expected.  Enrichment  of  CYP1A1  activity  in  the  cytosolic  fraction  (SN  100,000  x  g)  was 
not  observed. 


DISCUSSION 

In  this  study,  exposure  of  mice  to  side-stream  cigarette  smoke  decreased  the  activity  of 
CYP1A1  in  the  lung  microsomal  fraction.  It  has  been  reported,  in  an  epidemiological 
study,  that  CYP1A1  expression  correlates  positively  with  exposure  to  environmental 
cigarette  smoke  (McLemore  et  al.,  1990).  Similarly,  Murray  et  al.  (1997)  found  that  the 
CYP1B1  expression  is  significantly  greater  in  cancerous  tissues  than  in  normal  tissues. 
Clearly,  these  previous  reports  contradict  the  results  of  this  particular  study.  One  possi¬ 
ble  explanation  for  this  discrepancy  centers  on  the  difference  in  subjects  tested.  While 
C57BL/6  mice  were  subjected  to  controlled  amounts  of  side-stream  cigarette  smoke  in 
this  experiment,  the  other  projects  used  humans  that  possessed  different  histories  of  expo¬ 
sure  to  cigarette  smoke.  Consequently,  these  previous  reports  do  not  lie  within  the 
boundaries  of  a  controlled  study  as  this  one  does. 

Kawamoto  et  al.  (1993)  demonstrated  that  exposure  of  rats  to  side-stream  smoke  from  a 
Japanese  brand  of  cigarettes  induced  the  expression  of  several  P450  isoenzymes  in  the 
liver.  The  increase  of  isoenzymes  CYP1A1,  CYP  1A2,  and  CYP2B1  was  detected  immu- 
nochemically  after  the  five  days  of  exposure  to  side-stream  smoke.  Although  the  levels  of 
the  different  P450  proteins  increased  following  exposure  to  side-stream  smoke,  a  signifi¬ 
cant  decrease  in  aryl  hydrocarbon  hydroxylase  (AHH)  activity  following  exposure  to 
high  concentrations  of  cigarette  smoke  was  observed.  Exposure  to  five  Mild  Seven  ciga¬ 
rettes  per  hour  for  five  days  resulted  in  a  34.2%  decrease  in  liver  AHH  activity  relative  to 
control.  AHH  activity  is  one  of  the  activities  associated  with  the  CYP1A1  isoenzyme 
(Raunio  et  al.,  1983)  and  was  the  only  P450  activity  examined  by  Kawamoto  et  al. 
(1993).  Aryl  hydrocarbons  are  known  to  induce  CYP1A1  and  CYP1A2  (Bilimoria  and 
Ecobichon,  1980),  and  cigarette  smoke  contains  many  aryl  hydrocarbons  (Kawamoto  et 
al.,  1993),  so  the  immunochemical  results  were  not  surprising.  However,  the  effect  of 
cigarette  smoke  on  AHH  activity  in  liver  microsomes  has  been  disputed.  Some  studies 
have  shown  an  increase  in  activity  upon  exposure  to  cigarette  smoke  (Raunio  et  al., 
1983),  while  others  have  shown  no  induction  (Bilimoria  and  Ecobichon,  1980).  In  agree¬ 
ment  with  our  observations  in  mouse  lung,  Kawamoto  et  al.  (1993)  actually  show  a  de¬ 
crease  in  CYP1A1  activity  following  exposure  to  high  levels  of  side-stream  cigarette 
smoke.  It  has  been  suggested  that  the  activity  of  the  P450  protein  was  compromised  by 
the  polycyclic  aromatic  hydrocarbons  in  cigarette  smoke  without  affecting  the  antigenic¬ 
ity  (Kawamoto  et  al.,  1993).  In  future  experiments,  we  will  examine  the  expression  levels 
of  CYP1A1  in  murine  heart  and  lung  tissues  exposed  to  side-stream  cigarette  smoke  for 
the  experimental  time  points  by  both  quantitative  PCR  and  immunochemical  analysis. 

In  this  regard,  induction  of  CYP1A1  expression  has  already  been  demonstrated  immuno- 
cytochemically  in  lung  capillary  endothelial  cells  from  male  strain  A/J  mice  exposed  to 
chronic  levels  of  side-stream  cigarette  smoke  for  six  months  (Pinkerton  et  al.,  1996). 
However,  relatedness  of  these  results  to  our  study  is  uncertain  as  gender  differences  have 
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been  observed  in  the  induction  of  different  P450  isoforms  in  response  to  /?-chloroben- 
zotrifluoride  treatment  of  Sprague-Dawley  rats  (Pelosi  et  al.,  1998) 
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Figure  1.  CYP1A1  activity  in  liver,  heart,  and  lung  tissues  from  mice  exposed  daily  for  1 
month  to  filtered  air  (light  bars)  or  side-stream  cigarette  smoke  (dark  bars). 
Activity  was  measured  as  described  in  the  methods  and  is  expressed  as  a  per¬ 
centage  of  the  activity  detected  in  crude  liver  extract  of  the  control  group  (65.5 
pmol/min/mg).  Each  data  point  represents  the  mean  ±  S.D.  (n  =2).  Panel  A 
compares  activity  in  the  crude  tissue  extracts.  Panel  B  shows  the  activity  de¬ 
tected  in  the  microsomal  fraction. 
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Figure  2.  CYP1A1  activity  in  lung  microsomes  from  mice  exposed  daily  to  filtered  air 
(light  bars)  or  side-stream  cigarette  smoke  (dark  bars)  as  a  function  of  duration 
of  exposure.  Activity  was  measured  as  described  in  the  methods  and  is  ex¬ 
pressed  as  a  percentage  of  the  activity  detected  in  crude  liver  extract  of  the  cor¬ 
responding  control  group  (65.5  pmol/min/mg-72. 1  pmol/min/mg).  Each  data 
point  represents  the  mean  ±  S.D.  (n  =  2  for  1  and  4  month  exposure,  n  =3  for 
2  and  6  month  exposure). 
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Figure  3.  CYP1A1  activity  in  subcellular  fractions  of  lung  tissue  from  mice  exposed 
daily  to  filtered  air  (light  bars)  or  side-stream  cigarette  smoke  (dark  bars)  for  2 
months.  Activity  was  measured  as  described  in  the  methods  and  is  expressed  as 
a  percentage  of  the  activity  detected  in  crude  liver  extract  of  the  control  group 
(72.1  pmol/min/mg).  Each  data  point  represents  the  mean  ±  S.D.  (n=  3) 
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ABSTRACT 

A  rare  member  of  the  Colydiidae,  Eudesma  undulata  (Melsheimer),  is  described  and  its 
distribution  and  biology  are  discussed.  Its  historic  distribution  ranges  from  eastern  Penn¬ 
sylvania  and  Virginia  in  the  east  to  eastern  Illinois  and  Kentucky  in  the  west,  although 
records  of  the  last  80  years  are  restricted  to  Ohio  and  Illinois.  Fourteen  specimens  re¬ 
cently  collected  in  Illinois  are  reported,  in  addition  to  eight  museum  specimens  from 
other  states.  Recently,  specimens  have  been  collected  in  mature  old  growth  and  second 
growth  forests. 


INTRODUCTION 

Eudesma  undulata  (Melsheimer)  is  a  rare,  enigmatic  beetle.  An  indication  of  the  rarity  of 
this  species  is  the  fact  that  Stephan  (1989)  saw  only  three  old  museum  specimens  with 
very  meager  data  in  the  context  of  his  revision  of  the  North  American  Colydiidae. 

Eudesma  undulata  was  described  in  1846  by  Melsheimer  as  Bitoma  undulata.  LeConte 
(1863)  erected  the  monotypic  genus  Eudesma  for  this  distinctive  species  in  his  compre¬ 
hensive  treatment  of  North  American  Coleoptera.  Cockerell  (1906)  proposed  the  re¬ 
placement  generic  name  Eudesmula  for  Eudesma  LeConte,  which  he  thought  was  preoc¬ 
cupied  by  its  prior  use  in  1838  in  Rotifera.  As  a  result,  Stephan  (1989)  used  this  generic 
name  in  his  revision  of  the  family  Colydiidae  in  North  America.  More  recently,  Ivie  & 
Slipinski  (1990)  found  Eudesma  LeConte  to  be  a  valid  name,  stating:  “This  is  a  valid 
name,  long  unused  due  to  unfortunate  circumstances.  Agassiz  (1846)  misspelled  the 
name  Endesma  Ehrenberg  1838  (Rotifera)  as  Eudesma.  Under  Article  33. c  of  the  IZCN, 
this  misspelling  has  no  status,  and  does  not  enter  into  homonymy.  However,  it  was 
thought  to  be  a  correct  spelling  by  Cockerell  (1906),  who  proposed  Eudesmula  as  a 
replacement  name  for  LeConte's  supposed  homonym  Eudesma.  This  has  been  followed 
by  subsequent  workers.  LeConte's  name  is  the  valid  one,  and  must  be  returned  to  use.” 
No  one  has  questioned  the  status  of  Eudesma  as  a  distinctive,  monotypic  genus  of 
Colydiidae. 

Virtually  nothing  is  found  in  the  literature  on  the  biology  of  E.  undulata.  The  only  pub¬ 
lished  information  is  found  in  Blatchley  (1910),  who  stated  that  this  species  “has  ...  been 
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taken  by  Dury,  who  found  them  running  up  and  down  and  burrowing  in  the  bark  of  a 
buckeye  log.” 

This  research  was  prompted  by  my  collection  of  seven  specimens  at  two  locations  in  Illi¬ 
nois  in  1995  and  1996.  These  specimens  were  taken  in  two  Illinois  Nature  Preserves  for 
which  I  have  had  Special  Use  Permits  to  collect  insects  in  the  context  of  my  research  on 
Illinois  Erotylidae.  Five  of  these  specimens  were  collected  at  Rocky  Branch  Nature  Pre¬ 
serve,  Clark  Co.,  Illinois,  and  two  were  collected  at  Beall  Woods  State  Park  in  Wabash 
Co.,  Illinois. 


METHODS 

In  addition  to  analyzing  data  from  previous  collections,  the  following  procedures  were 
implemented. 

Pitfall  trapping 

Unbaited  pitfall  traps  were  maintained  at  five  widely  separated  woodland  sites  in  Illinois 
from  1995  to  2000.  Traps  were  of  two  designs.  The  first  type,  used  from  1995-1998, 
consisted  of  plastic  “soup  bowls”  with  an  outer  diameter  of  15.0  cm,  buried  with  the  rim 
flush  with  the  ground  surface.  Bowls  were  filled  to  a  depth  of  3.0  cm  with  a  50%  solu¬ 
tion  of  ethylene  glycol,  which  acted  as  a  killing  agent  and  preservative.  The  second  type, 
used  from  1998-2000,  consisted  of  16  oz.  “Solocups”  filled  to  a  depth  of  3.5  cm  with 
80%  ethanol.  A  plastic  funnel  fashioned  from  the  top  of  a  two  liter  “pop”  bottle  was  fit¬ 
ted  into  the  top  of  each  Solocup,  to  retard  evaporation  of  the  ethanol,  while  allowing 
trapped  Coleoptera  to  slide  easily  into  the  preservative.  Heavy  covers  consisting  of  30  x 
30  cm  steel  plates  with  9.0  cm  legs,  which  were  pushed  into  the  soil  to  a  depth  of  ap¬ 
proximately  6  cm,  were  utilized  to  minimize  dilution  of  the  preservative  by  rainfall  and  to 
exclude  mammal  scavengers  from  both  types  of  traps.  Traps  were  serviced  on  a  weekly 
or  biweekly  basis,  and  Coleoptera  collected  were  rinsed  in  80%  ethanol  and  mounted  as 
dry  specimens  for  the  Spooner-Riegel-Goodrich  Collection  at  Eastern  Illinois  University. 

Sifting  of  “forest  litter” 

This  process  consists  of  scraping  the  bark  from  fallen  dead  branches,  or  material  from 
under  bark  of  rotten  logs  onto  a  coarse  screen  with  openings  1.2  cm  x  1.2  cm  that  was 
placed  over  a  drop  cloth.  The  debris  resulting  from  this  process  was  placed  into  a  large 
Berlese  separator  to  drive  any  arthropods  in  the  sample  into  a  collection  jar  of  80%  etha¬ 
nol.  This  is  an  excellent  procedure  for  the  collection  of  many  species  of  Colydiidae,  as 
discussed  at  length  by  Stephan  (1989). 

Malaise  traps 

I  have  maintained  Malaise  traps  in  12  different  woodland  sites  in  Illinois  over  the  past  16 
years  in  the  context  of  my  research  on  Illinois  Erotylidae.  I  have  collected  four  species  of 
Colydiidae  in  these  traps,  including  one  specimen  of  Eudesma  undulata. 

Hanging  sugar  traps 

These  traps  are  designed  to  collect  insects  that  are  attracted  to  sugar  containing  materials, 
particularly  decaying  and/or  fermenting  fruit.  The  trap  consists  of  a  gallon  plastic  milk 
container  with  a  cut-out  opening  in  the  upper  part  of  one  side.  A  sugar  syrup  made  from 
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one  cup  of  sugar  dissolved  in  a  quart  of  water  is  mixed  with  a  can  of  beer  and  poured  into 
the  container,  which  is  suspended  from  a  branch  at  a  level  about  five  feet  above  the 
ground. 

Other  collections 

Thirty-six  museums  or  private  collections  were  checked  for  additional  specimens  of  E. 
undulata,  including  major  national  museums,  regional  collections  in  the  eastern  and 
midwestern  states  where  specimens  of  E.  undulata  have  been  reported  in  the  literature, 
and  the  collections  of  known  specialists  in  New  World  Colydiidae.  In  addition,  a  “No¬ 
tice”  was  placed  in  the  Coleopterists  Bulletin  requesting  the  loan  of  any  specimens  of  E. 
undulata  for  study,  which  ran  continuously  from  March  1997  to  March  2000. 

RESULTS 

In  the  search  of  thirty-six  North  American  insect  collections,  only  four  collections  had 
specimens  of  E.  undulata.  Eight  museum  specimens  were  located  and  examined;  only 
three  of  these  were  collected  in  the  past  85  years.  Two  of  these  specimens  were  collected 
by  Robert  Androw  of  the  Carnegie  Museum  in  southern  Ohio;  one  in  a  flight  intercept 
trap,  and  one  collected  from  the  exposed  area  of  heartwood  of  the  trunk  of  a  standing 
dead  maple  which  had  been  cut  into  on  the  previous  day  by  another  entomologist  (R. 
Androw,  pers.  comm.).  The  other  recently  collected  specimen  is  also  from  southern 
Ohio.  No  specimens  were  received  as  a  result  of  my  notice  in  the  Coleopterists  Bulletin. 

My  collecting  from  1995  to  2000  produced  fourteen  specimens  from  three  locations  in 
Illinois.  Sifting  debris  from  under  bark  of  rotten  logs  and  “forest  litter”  produced  eight 
specimens;  four  specimens  were  taken  in  unbaited  pitfall  traps;  one  specimen  in  a  Mal¬ 
aise  trap;  and  one  specimen  in  a  “hanging  sugar  trap.”  Because  collections  of  this  beetle 
are  so  rare,  I  summarize  here  the  collection  data  for  all  the  specimens  I  have  collected 
and  all  museum  specimens  examined. 

Museum  Acronyms 

The  following  acronyms  refer  to  the  depositories  for  specimens: 

AAPC  A.  Allen  personal  collection,  Boise,  Idaho. 

CMNH  Carnegie  Museum  of  Natural  History,  Pittsburgh,  Pennsylvania 
CUIC  Cornell  University  Insect  Collection,  Ithaca,  New  York. 

EIUC  Eastern  Illinois  University  Collection,  Charleston,  Illinois. 

KHSC  Karl  H.  Stephan  personal  collection,  Red  Oak,  Oklahoma. 

USNM  United  States  National  Museum,  Washington,  D.C. 

Illinois 

CLARK  Co.:  Rocky  Branch  N.  P.,  15-23  Apr  1995,  M.  A.  Goodrich,  pitfall  trap  (1, 
EIUC);  same  data,  28  May  -  11  Jun  1995  (1,  EIUC);  16-23  Jul  1995  (1,  KHSC);  same 
location,  1  May  1996,  M.  A.  Goodrich,  sifted  from  forest  litter  (2,  EIUC);  same  location, 
14-18  May  1998,  M.  A.  Goodrich,  hanging  sugar  trap  (1,  EIUC).  EDGAR  Co.:  4  mi 
SSE  Kansas,  2  Oct  1998,  M.  A.  Goodrich,  under  bark  of  rotten  log  (1,  EIUC);  same  data, 
8  Oct  1998  (1,  EIUC);  28  May  1999  (1,  EIUC);  27  Sep  1999  (1,  EIUC);  26  Apr  2000  (1, 
EIUC);  same  location,  5-12  Apr  2000,  M.  A.  Goodrich,  pitfall  trap  (1,  EIUC).  WA- 
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BASH  Co.:  Beall  Woods  S.  P.,  5  Apr  1996,  M.  A.  Goodrich,  sifted  from  forest  litter  (1, 
EIUC);  same  location,  9-16  May  1996,  M.  A.  Goodrich,  Malaise  trap  (1,  EIUC). 

Kentucky 

No  further  data  (1,  CMNH). 

Ohio 

FAIRFIELD  Co.:  Bamebey  Center,  28  Apr  1990,  R.  Androw  (1,  AAPC).  PREBEL  Co.: 
23  Jun  1979,  O.  J.  and  J.  H.  Blanchard  (1,  CUIC).  VINTON  Co.:  Lake  Hope  St.  Pk.,  6 
Jul  1996,  R.  Androw,  taken  from  exposed  heartwood  of  dead  maple,  Acer  sp.  (1, 
CMNH). 

Virginia 

FAIRFAX  Co.:  Dead  Run,  25  May  1915,  R.  C.  Shannon  (1,  USNM);  same  location,  28 
Jul  1915  (1,  USNM);  6  Aug  1915  (1,  USNM). 

West  Virginia 

HANCOCK  Co.:  no  date,  Hubbard  &  Schwartz  (1,  USNM). 

In  addition  to  the  records  listed  above,  there  is  the  published  record  from  LeConte  (1863) 
of  York  Co.,  Pennsylvania,  for  Melsheimer's  type  specimen.  Blatchley's  (1910)  descrip¬ 
tion  of  Dury's  collection  of  E.  undulata  in  Indiana  provided  no  specific  location  within 
the  state  for  this  collection,  nor  did  he  indicate  where  the  specimens  were  deposited. 
Purdue  University,  which  holds  much  of  Blatchley's  collection,  has  no  specimens  of  E. 
undulata  (A.  Provonsha,  pers.  comm.).  Stephan  (1989)  listed  specimens  from  IL,  IN, 
OH,  PA  and  VA,  based  on  the  three  specimens  he  examined  with  state  labels  only,  plus 
earlier  published  records. 


CONCLUSIONS 

Placing  Eudesma  undulata  as  a  monotypic  genus  is  clearly  justified,  based  on  its  distinc¬ 
tive  morphology.  Eudesma  undulata  is  easily  separated  from  other  species  of  Colydiidae 
in  a  series  of  keys  in  Stephan's  1989  revision  of  the  family.  In  addition,  the  habitus 
drawing  of  E.  undulata  in  this  publication  (Stephan  1989,  Fig.  31)  easily  distinguishes 
this  species  from  all  other  North  American  Colydiidae. 

Description 

Body  cylindrical,  strongly  elongate;  overall  length  3.8-5.4  mm;  width  0.9- 1.5  mm.  Dark 
reddish  brown  above,  lighter  reddish  brown  below. 

Head  broad  and  irregularly  rectangular;  dorsoventrally  flattened  anteriorly,  raised  poste¬ 
riorly  at  the  meson;  antennae  eleven-segmented  with  an  abrupt,  two-segmented  club. 
Pronotum  parallel  sided,  the  lateral  margins  distinctly  serrate,  anterior  angles  slightly 
wider  in  some  examples;  dorsal  surface  strongly  raised,  with  a  network  of  ridges  enclos¬ 
ing  depressions.  Elytra  distinctly  costate,  two  rows  of  large,  nearly  confluent  punctures 
between  costae;  variegated  in  color,  with  lighter  regions  in  a  distinctive  pattern  bearing 
tufts  of  whitish  hairs  (Fig.  1) 
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Distribution 

Based  on  my  collections,  the  collection  data  from  museum  specimens,  and  the  published 
records  cited,  Eudesma  undulata  can  be  described  as  having  had  a  seven  state  range  ex¬ 
tending  from  eastern  Pennsylvania  and  Virginia  in  the  east  to  eastern  Illinois  and  Ken¬ 
tucky  in  the  west.  The  question  of  whether  this  historic  distribution  represents  its  present 
distribution  is  addressed  below. 

The  collection  data  for  the  17  recently  collected  specimens,  indicate  that  Eudesma  undu¬ 
lata  is  restricted  to  mature  forest  habitats.  My  three  collection  locations,  which  have  pro¬ 
duced  14  of  the  17  modem  specimens,  are  mature  old  growth  or  second  growth  forest 
habitats.  The  first  of  these,  Rocky  Branch  Nature  Preserve  in  Clark  Co.,  Illinois,  is  an 
interesting  wooded  valley  between  sandstone  bluffs  in  east  central  Illinois.  The  flora  of 
this  region  has  been  described  by  Hughes  &  Ebinger  (1973)  and  Clapp  &  Ebinger  (1988). 
The  second  location  is  Baber  Woods  Nature  Preserve  in  Edgar  Co.,  Illinois.  This  51  acre 
woodlot  was  an  oak  savannah  in  pre-settlement  times  that  developed  into  a  closed  forest 
during  the  19th  century.  These  changes  and  the  vegetation  of  the  area  were  described  by 
McClain  &  Ebinger  (1968),  Newman  &  Ebinger  (1985)  and  Ebinger  &  McClain  (1991). 
The  third  Illinois  location,  Beall  Woods  State  Park,  Wabash  Co.,  Illinois  has  been  de¬ 
scribed  as  the  “biggest  and  best  example  of  the  immense  old  growth  bottomland  forest 
which  once  occurred  along  the  Wabash”  (McFall  1991).  Ashby  and  Ozment  (1967)  have 
described  the  vegetation  of  this  area.  Robert  Androw  (pers.  comm.)  described  the  two 
locations  in  Ohio  where  he  has  collected  E.  undulata  as  mature  second  growth  southern 
hardwood  forest  habitats.  Considering  the  very  small  number  of  recent  collections,  I 
conclude  that  many  populations  of  E.  undulata  have  been  extirpated;  otherwise  recent 
specimens  from  these  areas  should  have  been  collected. 

Sifting  debris  from  under  bark  and  “forest  litter”  has  been  described  as  a  useful  procedure 
for  collecting  many  species  of  Colydiidae  (Stephan  1989).  This  proved  effective  for  col¬ 
lecting  E.  undulata ,  with  eight  specimens  so  collected.  This  procedure  does  not  provide 
specific  data  regarding  their  habits,  but  may  result  in  more  collections  and  better  data  on 
the  range  of  the  species  and  the  seasonal  occurrence  of  adults.  This  also  applies  to  col¬ 
lections  by  pitfall  traps  (four  specimens  collected),  and  by  Malaise  and  flight  intercept 
traps  (two  specimens  collected). 

Regarding  the  biology  of  E.  undulata ,  Dury's  comments  (Blatchley  1910)  about  an  asso¬ 
ciation  with  buckeye  {Aesculus  glabra )  are  still  of  interest.  The  majority  of  the  speci¬ 
mens  of  E.  undulata  known  are  from  the  valley  of  the  Ohio  River  and  its  tributaries,  as 
noted  by  Stephan  (1989),  where  this  tree  is  regularly  found.  However,  Aesculus  glabra 
does  not  occur  in  the  Potomac  River  valley,  the  location  of  the  three  specimens  in  the 
USNM  collected  in  1915,  nor  does  it  occur  in  much  of  the  eastern  portion  of  the  original 
range  of  E.  undulata.  Based  on  this  information,  as  well  as  my  own  observations  in  Illi¬ 
nois,  I  conclude  that  E.  undulata  is  not  restricted  to  buckeye  logs. 

The  collecting  strategies  employed  in  this  study  have  no  significant  impact  on  insect 
populations  (an  important  consideration  when  studying  a  rarely  collected  species).  Nei¬ 
ther  Malaise  traps  nor  pitfall  traps  attract  insects,  therefore  individuals  that  crawl  or  fly 
into  such  traps  can  only  be  a  tiny  fraction  of  the  population  of  the  species  present  in  the 
habitat.  Similarly,  scraping  the  bark  from  a  few  dead  branches  or  rotten  logs  in  a  forest 
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into  a  drop  cloth  and  placing  the  residue  into  a  Berlese  separator  will  sample  only  a  tiny 
fraction  of  the  habitat  and  therefore  will  have  minimal  impact  on  arthropod  populations. 

I  would  very  much  like  to  see  additional  specimens  of  this  species.  I  am  particularly  in¬ 
terested  in  material  with  biological  data,  but  specimens  with  any  collection  data  are  wel¬ 
come. 
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Figure  1.  Dorsal  habitus  of  Eudesma  undulata  (Melsheimer)  from  Stephan  1989. 
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ABSTRACT 

Magazine  Mine,  Alexander  County,  currently  supports  at  least  14,500  wintering  Indiana 
bats  {Myotis  sodalis)  and  is  the  largest  known  winter  hibernaculum  of  this  Federally  en¬ 
dangered  species  ever  documented  within  Illinois.  Because  this  mine  has  been  abandoned 
for  more  than  20  years,  immediate  and  permanent  stabilization  at  the  main  entrance  was 
needed  to  prevent  catastrophic  collapse  and  eventual  closure.  Such  a  collapse  at  this  Fed¬ 
eral  Priority  II  hibernaculum  would  not  only  exterminate  the  large  numbers  of  Indiana 
bats  hibernating  within  this  mine,  but  permanently  prohibit  its  use  by  successive  genera¬ 
tions  of  Myotis  sodalis.  Recent  efforts  at  the  UNIMIN  Corporation’s  “Magazine  Mine”  to 
directly  protect  resources  critical  to  bat  reproduction  and  hibernation  have  both  strength¬ 
ened  and  promoted  a  conservation  ethic  benefiting  not  only  bats,  but  the  fragile  Shawnee 
National  Forest  ecosystem  as  a  whole.  This  paper  describes  stabilization  efforts  com¬ 
pleted  during  summer  2001  using  specially  engineered  steel  arches. 


INTRODUCTION 

The  Indiana  bat  {Myotis  sodalis)  is  a  federally  endangered  species  whose  distribution  is 
associated  with  major  cavernous  limestone  areas  and  locales  in  the  midwestern  and  east¬ 
ern  United  States  (Hall,  1962;  Thomson,  1982).  Many  studies  have  been  done  to  increase 
our  knowledge  of  the  ecology  and  specific  survival  requirements  of  this  species,  specifi¬ 
cally  winter  habitat  use  and  thermoregulatory  mechanisms  during  hibernation.  Crucial  to 
the  survival  of  any  endangered  species  is  both  a  comprehensive  understanding  of  suitable 
habitat  constraints  and  a  distinctive  management  protocol  which  encourages  permanent 
habitat  protection  (Humphrey  et  al.,  1977).  This  paper  describes  the  presence  of  winter¬ 
ing  Indiana  bats  within  an  abandoned,  silica  sand  mine  in  extreme  southern  Illinois.  Fu¬ 
ture  management  of  this  privately  owned  mining  complex  will  be  based  upon  the  pres¬ 
ence  of  these  mammals.  More  important,  this  study  yields  insight  into  the  specific  tem¬ 
perature  needs  of  Indiana  bats  during  hibernation  and  their  ability  to  find  and  exploit  arti¬ 
ficially-created  ecosystems. 
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INDIANA  BAT  WINTER  ROOSTS  IN  ILLINOIS 

Bat  populations  continue  to  decline  because  of  habitat  loss,  environmental  pollution  and 
toxins,  and  disturbance  at  key  roost  sites.  Representing  the  most  compromised  of  North 
America’s  terrestrial  mammals,  bats  have  been  forced  to  use  artificial  or  modified  habitat 
to  survive.  Abandoned  mine  lands  throughout  the  midwestern  United  States  now  offer  a 
proverbial  “refuge  of  last  resort”  for  many  bat  species,  most  notably  the  Indiana  bat.  Ac¬ 
cording  to  the  Federal  Indiana  Bat  Recovery  Team  (March  1999),  of  the  12  states  with 
regularly  occurring  hibernating  populations  of  Indiana  bats,  4  do  not  have  enough  recent 
survey  information  for  a  population  trend  to  be  accurately  assessed.  Unfortunately,  Illi¬ 
nois  is  one  of  these  four  states.  In  reviewing  the  Revised  Recovery  Plan  for  the  Indiana 
bat  (Agency  Draft  -  March  1999),  Illinois  Department  of  Natural  Resources  (IDNR)  staff 
provided  the  Recovery  Team  with  a  population  status  update  through  January  2001. 
Based  upon  an  examination  of  data  from  1985-1995  and  censuses  taken  at  significant 
recognized  hibemacula  over  the  past  six  years  (through  January  2001),  the  total  known 
wintering  Indiana  bat  population  within  Illinois  is  estimated  to  be  approximately  19,500 
animals. 

The  most  severe  declines  of  hibernating  Myotis  sodalis  in  Illinois  have  occurred  at 
Brasher  Cave  in  Pope  County  (public  land-U.S.  Forest  Service);  Fogelpole  Cave  in 
Monroe  County  (state-owned  nature  preserve);  and  Toothless  Cave  in  Jackson  County 
(private  land)  (Table  1).  Brasher  Cave  has  experienced  a  100%  reduction  in  hibernating 
Indiana  bats  [500  bats  in  1993;  0  in  2001].  Fogelpole  Cave  has  suffered  a  42%  population 
reduction  [403  bats  in  1986;  171  in  2000].  Likewise,  Toothless  Cave  has  experienced  a 
23%  population  reduction  [3,200  bats  in  1995;  739  in  2000].  However,  populations  at 
Blackball  Mine  Nature  Preserve  in  LaSalle  County  have  steadily  increased  since  the  first 
formal  IDNR  census  in  1987.  Critical  habitat  was  designated  for  the  Indiana  bat  on  24 
September  1976  and  included  11  caves  and  2  mines  in  6  states.  Blackball  Mine  Nature 
Preserve,  then  containing  115  Indiana  bats,  was  recognized  as  critical  M.  sodalis  habitat. 
This  122-ha  state-owned  nature  preserve  protects  a  diverse  natural  area  with  dolomite 
cliffs,  dolomite  prairie,  upland  forest,  floodplain  forest,  and  savanna  communities.  The 
preserve  was  dedicated  to  the  State  of  Illinois  in  July  1984.  It  contains  many  abandoned 
limestone  mines  (mining  operations  ceased  in  the  early  1900's)  in  which  the  Indiana  bat 
has  been  known  to  hibernate  since  at  least  the  1950’s.  Although  access  to  the  mines  is 
completely  restricted  from  September  to  May  to  protect  the  hibernating  bats,  the  rural 
nature  of  the  site  makes  enforcement  difficult,  and  illegal  access  unfortunately  has  been  a 
problem.  During  1996,  a  portion  of  the  mines  was  equipped  with  “bat-friendly”  gates. 
During  summer  1998,  a  portion  of  the  gate  between  the  upper  and  lower  Blackball  Mines 
was  breeched  by  vandals  and  three  temperature  monitors  were  removed.  Despite  these 
intrusions,  the  number  of  M.  sodalis  hibernating  within  the  Blackball  Mines  has  slowly 
increased  from  260  animals  in  1987  to  1,338  animals  in  2001.  The  Blackball  Mine  com¬ 
plex  was  considered  to  be  the  largest,  documented  Indiana  bat  hibemaculum  in  Illinois, 
until  the  February  1999  survey  of  the  UNIMIN  Minerals  Corporation’s  “Magazine  Mine” 
complex  in  southern  Illinois’  Alexander  County. 
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MAGAZINE  MINE:  INDIANA  BAT  POPULATION  STATUS 

The  UNIMIN  Specialty  Minerals  Corporation  is  the  world’s  largest  producer  of  crystal¬ 
line  and  microcrystalline  silica.  For  decades,  the  underground  mining  of  silica  has  oc¬ 
curred  beneath  several  square  kilometers  of  deciduous  forest  in  Alexander  County.  Much 
of  this  forest  land  is  part  of  the  Shawnee  National  Forest  with  a  majority  of  the  under¬ 
ground  mineral  rights  belonging  to  UNIMIN.  The  predominant  land  cover  in  this  region 
is  oak  ( Quercus)l\nc\iory  {Cary a)  woods  comprising  42%  upland  and  10%  bottomland 
resources.  This  resource  rich  area  encompasses  Mississippi  River  bottomlands,  Ozark 
plateau,  and  unglaciated  hill  country  (Suloway  et  al.,  1996).  Many  of  the  plant  and  animal 
resources  found  here  are  rare  and  limited  in  distribution  to  this  area  of  the  state. 

Underground  silica  mining  operations  in  this  region  began  in  the  early  1900's.  Today, 
surface  extraction  techniques  are  favored  over  much  more  dangerous  subsurface  proce¬ 
dures.  Most  underground  mines  were  vast,  allowing  trucks  and  heavy  equipment  direct 
access.  Unlike  coal  mines,  it  was  not  necessary  to  erect  shoring  or  stabilization  structures 
inside  these  mines.  Material  was  extracted  quickly  and  once  exhausted,  the  mine  was  left 
open.  It  is  not  uncommon  for  ceiling  heights  to  exceed  30  m  in  many  of  these  abandoned 
mines.  Over  the  past  several  decades,  many  of  the  smaller  abandoned  mines  have  col¬ 
lapsed,  permanently  sealing  entrance  and/or  exit  passages.  However,  a  few  of  the  larger 
mines  have  remained  open  thereby  attracting  bats  seeking  a  suitable  winter  hibemaculum. 
Winter  surveys  of  several  of  these  abandoned  silica  mines  were  conducted  throughout  the 
1970's  and  revealed  very  small  numbers  of  Indiana  bats  (never  exceeding  10  M.  soda- 
lisl mine).  It  is  unclear  from  these  records  whether  any  portion  of  Magazine  Mine  was 
ever  surveyed  for  hibernating  bats.  Magazine  Mine,  approximately  84,730  m2  in  area,  is 
the  largest  abandoned,  underground  silica  mine  within  both  the  UNIMIN  complex  and 
Illinois.  The  average  height  and  width  of  interior  passages  is  approximately  6  m  x  9  m. 
This  mine  was  opened  in  1972  and  operations  ceased  in  1980.  Given  its  vast  size  and 
many  confusing  passages,  it  is  highly  unlikely  that  an  inexperienced  individual  would 
make  it  through  the  first  series  of  chambers  without  getting  lost.  Approximately  4.2  km 
southwest  of  Magazine  Mine  is  another  substantial  abandoned,  underground  silica  mine 
known  as  Mine  #30.  This  mine  is  smaller  than  Magazine  Mine,  approximately  21,594  m2 
in  area.  The  one  remaining  entrance  to  Mine  #30  is  currently  not  gated  and  appears  to  be 
much  more  stable  than  the  Magazine  Mine  “main”  entrance.  The  average  height  and 
width  of  interior  passages  is  approximately  15  m  x  10  m.  Mine  #30  was  opened  in  the 
mid  1960's  and  abandoned  in  the  late  1970's,  and  also  serves  as  an  important  Indiana  bat 
hibemaculum  within  the  UNIMIN  complex  (Table  1). 

Magazine  Mine  has  two  entrances;  a  stable  “air  shaft”  entrance  and  a  rapidly  deteriorat¬ 
ing  “main”  entrance  that  once  served  as  the  primary  portal  for  service  vehicles  and  min¬ 
ing  personnel.  Mist  net  and  harp  trap  surveys  near  the  air  shaft  entrance  were  conducted 
during  summer  1995.  Five  species  of  bats  were  documented  including  the:  big  brown  bat 
( Eptesicus  fuscus ),  little  brown  bat  ( Myotis  lucifugus),  Indiana  bat  (M.  sodalis),  northern 
long-eared  bat  (M.  septentrionalis ),  and  eastern  pipstrelle  {Pipistrellus  subflavus).  To 
protect  bats  hibernating  within  the  air  shaft,  a  bat-friendly  gate  was  constructed  at  the  air 
shaft  entrance  in  1996.  In  August  1997,  mist  net  and  harp  trap  surveys  were  conducted  at 
the  main  (deteriorating)  entrance  to  Magazine  Mine.  Several  M.  sodalis  were  caught  ex¬ 
iting  the  mine.  Subsequently,  resource  managers  raised  the  possibility  that  Magazine 
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Mine  might  be  functioning  as  a  winter  hibernaculum  for  these  animals.  Due  to  the  fragile, 
unstable  nature  of  the  main  entrance,  gating  and/or  fencing  of  this  portal  was  deemed 
impractical  and  unsafe. 

On  20  February  1998,  a  small  portion  of  Magazine  Mine  was  investigated.  The  main 
(deteriorating)  portal  was  entered  and  a  small  number  of  initial  chambers  examined.  Sev¬ 
eral  large  clusters  of  M.  sodalis  (>  300  animals/cluster)  were  identified  and  positively 
confirmed  by  hand  examination  of  a  few  individuals.  Upon  discovery  of  these  animals, 
the  investigation  was  immediately  terminated.  It  was  decided  that  a  formal  inventory  of 
the  entire  mine  should  be  performed  the  following  winter  to  assess  the  true  magnitude  of 
M.  sodalis  winter  use.  Using  a  map  of  the  mine  developed  by  the  UNIMIN  Corporation,  a 
grid  system  was  established  inside  the  mine.  Each  of  12  individual  passageways  along  a 
general  north-south  axis  was  assigned  a  number  and  letter  resulting  in  84  separate  survey 
points.  Each  survey  point  was  marked  with  fluorescent  flagging  and  spray  paint  for  easy 
identification. 

On  9  and  10  February  1999,  a  13-person  survey  team  entered  Magazine  Mine.  The  team 
was  divided  into  three  groups  consisting  of  a  data  recorder  and  three  or  four  observers. 
Each  group  was  assigned  specific  survey  points  within  the  mine  and  recorded  all  visible 
bats,  by  genus  and  species,  on  standardized  data  forms.  For  small  clusters  of  M.  sodalis , 
or  those  below  a  height  of  6  m,  observers  counted  each  bat.  For  larger  clusters  of  M.  so¬ 
dalis,  or  for  those  at  greater  heights,  observers  used  an  estimate  of  3,000  bats/m2.  A  total 
of  12,293  bats  was  counted.  Of  these,  9,074  were  M.  sodalis',  1,394  M.  lucifugus;  681  M. 
septentrionalis;  878  P.  subflavus;  and  266  E.  fuscus.  Indiana  bats  were  concentrated  in 
the  northernmost  one-third  of  the  mine.  One  large,  main  roost  and  three  smaller  roosts 
were  identified  and  mapped.  During  this  inventory,  six  dataloggers  (HOBO  Pro  Temp- 
RH,  Onset  Computer  Corporation,  Pocasset,  MA)  were  installed  at  various  locations  in¬ 
side  Magazine  Mine.  All  instruments  were  programmed  to  record  temperature  and  rela¬ 
tive  humidity  data  at  3-h  intervals  (BCI,  1999). 

On  23  January  2001,  a  13-person  survey  team  completed  the  second  formal  inventory  of 
Magazine  Mine.  Census  techniques  employed  during  the  February  1999  inventory  were 
followed.  A  total  of  18,329  bats  was  counted.  Of  these,  14,679  were  M.  sodalis’,  1,702  M. 
lucifugus’,  205  M.  septentrionalis’,  1,437  P.  subflavus',  and  306  E.  fuscus.  Once  again,  In¬ 
diana  bats  were  concentrated  in  the  northernmost  one-third  of  the  mine  with  one  large, 
main  roost  and  three  smaller  roosts  existing  in  the  same  locations  as  February  1999.  All 
six  dataloggers  were  downloaded  and  subsequently  re-launched  to  again  record  tempera¬ 
ture  and  relative  humidity  data  at  3-h  intervals.  In  addition,  one  datalogger  was  posi¬ 
tioned  outside  the  mine  to  monitor  external  conditions. 

MAGAZINE  MINE:  INDIANA  BAT  MANAGEMENT  EFFORTS 

Habitat  requirements  for  the  Indiana  bat  within  Illinois  do  not  deviate  from  those  needed 
throughout  this  species’  entire  range.  Indiana  bats  require  specific  roost  sites  in  caves  or 
mines  that  attain  appropriate  temperatures  to  hibernate.  Ideal  sites  are  ^  10°C  when  the 
bats  arrive  in  October  and  November.  Magazine  Mine  currently  meets  this  specialized 
temperature  requirement.  Temperatures  from  1  October-31  November  (1999-2000)  were 
Mean  =  6.7°C;  Range  =  6.3-6.9°C.  Temperatures  from  1  October-31  November  (2000- 
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2001)  were  Mean  =  6.3°C;  Range  =  5.5-6.8°C.  Early  studies  identified  a  preferred  mid¬ 
winter  temperature  range  of  4-8°C,  but  a  recent  examination  of  long  term  data  suggests 
that  a  slightly  lower  and  narrower  range  of  3-6°C  may  be  ideal  for  this  species  (USFWS, 
1999).  Only  a  small  percentage  of  caves  and  mines  provide  this  specialized  requirement. 
Stable,  low  temperatures  allow  these  animals  to  maintain  a  reduced  rate  of  metabolism 
and  conserve  fat  reserves  through  the  winter,  until  spring.  Mid-winter  temperatures 
within  the  Magazine  Mine  from  1  December-28  February  (1999-2000)  were  Mean  = 
4.5°C;  Range  =  1.4-6.9°C.  From  1  December-28  February  (2000-2001)  temperatures 
were  Mean  =  4.2°C;  Range  =  2.7-5. 8°C  .  This  supports  the  concept  that  M.  sodalis  prefer 
sites  that  offer  the  lowest  non-freezing  roost  temperature  possible  (BCI,  1999). 

Abandoned  mines  and  caves  change  structurally  far  more  often  than  is  generally  recog¬ 
nized.  Entrances  and  internal  passages  essential  to  air  flow  may  become  larger,  smaller, 
or  close  entirely,  with  corresponding  increases  or  decreases  in  air  flow,  temperature,  and 
humidity.  Blockage  or  collapse  of  entry  points,  even  those  too  small  to  be  recognized, 
can  be  extremely  important  in  hibernacula  (such  as  Magazine  Mine)  that  require  chim¬ 
ney-effect  air  flow  to  function.  Recent  data  show  that  changes  in  air  flow  can  elevate 
temperatures  which  can  cause  an  increase  in  metabolic  rate  and  a  premature  exhaustion 
of  fat  reserves.  Such  air  flow  changes  also  may  force  bats  to  roost  near  unsuitable  en¬ 
trances  or  floors  to  find  low  enough  temperatures,  thus  increasing  their  vulnerability  to 
freezing  or  predation  (BCI,  1998). 

The  main  entrance  shaft  of  Magazine  Mine  is  approximately  70  m  in  length.  The  shaft 
slopes  downward  at  a  40-45°  angle  until  it  reaches  the  main  floor  of  the  mine.  Since  its 
abandonment  in  1980,  massive  collapses  have  occurred  throughout  the  entire  length  of 
the  shaft,  reducing  the  surface  entry  to  a  7-m  wide,  3-m  high  opening.  This  represents 
nearly  a  70%  reduction  in  surface  entry  size  in  <  25  years.  Without  restoration  and  stabi¬ 
lization  of  the  entire  shaft,  Magazine  Mine  would  no  longer  function  as  a  hibernaculum 
for  M.  sodalis  .  Exclusion  of  Indiana  bats  from  such  crucial  hibernacula  historically  has 
been  a  major  cause  of  their  decline. 

A  permanent,  heavy-duty  stabilization  of  the  entire  Magazine  Mine  entrance  shaft  using 
specially  engineered  steel  arches  and  treated  timber  posts  would  allow  Indiana  bats  to 
continue  to  use  this  mine  for  hibernation.  A  total  of  49  arches  (4. 3-m  interior  width,  2.7- 
m  interior  height)  placed  approximately  1.2  m  apart  was  needed  to  complete  this  task. 
These  arches  were  custom  designed  and  engineered  to  support  a  full  roof  collapse.  After 
the  arches  were  erected,  they  were  covered  with  15  cm  x  15  cm  x  1.2  m  treated  timber 
posts,  thereby  creating  a  long,  tunnel-like  structure  (Figure  1).  Entrance  excavation, 
grading,  and  final  arch  construction  activities  were  completed  in  August  2001  at  a  cost  of 
nearly  $110,000.00.  Construction  activities  involving  either  a  bat-friendly  gate  and/or 
steel  fencing  surrounding  the  perimeter  of  the  arch  entrance  are  planned  for  summer 
2003. 

This  unique  project  was  possible  because  of  partnership  between  industry,  nonprofit  or¬ 
ganizations,  and  state  and  federal  governmental  agencies.  The  UNIMIN  Specialty  Miner¬ 
als  Corporation  provided  expert  consultation  on  mining  safety  practices  and  donated  nu¬ 
merous  hours  of  labor  and  heavy  equipment  use.  As  a  direct  result  of  M.  sodalis  conser¬ 
vation  efforts  within  the  UNIMIN  complex,  several  communities  in  southern  Illinois 
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printed  educational  articles  on  bats,  and  the  importance  of  summer  and  winter  habitat,  in 
their  local  newspapers.  A  willingness  by  biologists,  government  administrators,  industry 
representatives,  and  private  citizens  to  work  together  can  have  a  direct  impact  on  the  sur¬ 
vivorship  of  our  nation’s  flora  and  fauna. 

CONCLUSION 

The  long  term  stabilization  of  the  Magazine  Mine  entrance  directly  meets  the  manage¬ 
ment  and  recovery  objectives  addressed  in  the  Federal  Indiana  bat  Recovery  Plan,  has 
tremendous  potential  for  natural  resource  education,  and  remains  an  integral  component 
in  the  recovery  of  the  Indiana  bat.  This  effort  has  fostered  a  unique,  cooperative  partner¬ 
ship  between:  private  industry,  the  Illinois  Department  of  Natural  Resources,  the  United 
States  Forest  Service,  the  United  States  Fish  and  Wildlife  Service,  as  well  as  numerous 
environmental  organizations  and  local  community  groups.  Promoting  bat  conservation  by 
changing  attitudes,  not  by  confrontation,  has  enabled  professional  resource  managers 
throughout  Illinois  and  the  Midwest  to  work  directly  with  citizen  groups,  schools,  and 
businesses.  Extracting  solutions  to  complex  environmental  problems  through  community 
and  industry  partnerships  was  quite  successful. 
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Table  1.  Indiana  bat  ( Myotis  sodalis )  hibernacula  in  Illinois  documented  by  IDNR  as  of 
2001. 


Hibernacula 

County  (IL.) 

Historic 

Population  Size 

Current 

Population  Size 

Blackball  Mine 

LaSalle 

260  bats  (Feb.  1987) 

1,338  (Feb.  2001) 

Brainerd  Cave 

Jersey 

150  (Feb.  1998) 

426  ( Jan.  2000) 

Brasher  Cave 

Pope 

500  (Oct.  1993) 

0  (Jan.  2001) 

Ellis  Cave 

Pope 

426  (Jan.  2000) 

475  (Jan.  2001) 

Fogelpole  Cave 

Monroe 

403  (Jan.  1986) 

171  (Jan.  2000) 

Toothless  Cave 

Jackson 

3,200  (Feb.  1995) 

739  (Jan.  2000) 

UNIMIN 

Mine  #30 

Alexander 

495  (Feb.  2000) 

1,500  (Jan.  2001) 

UNIMIN 
Magazine  Mine 

Alexander 

9,074  (Feb.  1999) 

14,679  (Jan.  2001) 
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Figure  1.  Stabilization  arch  constructed  at  Magazine  Mine,  Alexander  County,  IL. 
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ABSTRACT 

Museum  records  are  combined  with  field  sampling  to  assess  the  status  of  17  species  of 
fishes  and  crustaceans  in  Illinois.  These  species  are  among  the  rarest  of  those  listed  on 
the  "Checklist  of  Endangered  and  Threatened  Animals  and  Plants  of  Illinois"  and  are 
known  from  only  one  or  a  few  localities.  As  a  result  of  our  assessment,  we  recommend 
that  all  10  species  of  fishes  and  four  of  the  seven  species  of  crustaceans  investigated  be 
treated  by  resource  managers  as  endangered  in  Illinois. 


INTRODUCTION 

The  rarest  species  on  the  "Checklist  of  Endangered  and  Threatened  Animals  and  Plants  of 
Illinois"  (Illinois  Endangered  Species  Protection  Board  1999)  are  known  from  only  one 
or  a  few  localities.  Although  on  the  official  list,  the  status  of  several  of  these  species  is 
unknown  because  of  the  paucity  of  recent  information.  Inadequate  information  is  par¬ 
ticularly  characteristic  of  aquatic  organisms,  which  are  difficult  to  observe  and  often  re¬ 
quire  taxonomic  expertise  available  from  only  one  or  a  few  scientists.  With  funding  pro¬ 
vided  by  the  Illinois  Endangered  Species  Protection  Board,  we  undertook  a  concerted 
effort  to  determine  the  status  of  extremely  rare  fishes  and  crustaceans  in  Illinois  by  re¬ 
viewing  the  literature  and  museum  records  and  by  conducting  additional  fieldwork.  The 
new  information  will  contribute  to  improved  habitat  management  and  other  protective 
measures. 

Illinois  is  on  the  edge  of  the  natural  range  of  several  of  these  species  (e.g.,  the  river  chub, 
Nocomis  micropogon  and  harlequin  darter,  Etheostoma  histrio ),  and  they  may  always 
have  been  uncommon  in  the  state  (Smith  1979).  Consequently,  it  may  seem  that  these 
species  should  receive  lower  priority  for  protection  than  is  given  to  those  that  have  disap¬ 
peared  over  large  areas  of  Illinois  (e.g.,  the  bigeye  chub,  Hybopsis  amblops).  However, 
populations  on  the  edge  of  a  species’  range  often  are  the  most  genetically  divergent  (Av- 
ise  2000)  and  their  protection  should  be  of  special  concern. 

METHODS 

Museum  specimens  of  the  target  species  were  re-examined  for  agreement  with  reports  in 
the  scientific  literature.  As  demonstrated  by  Warren  and  Burr  (1988)  in  their  reassess- 
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ment  of  the  Illinois  ranges  of  the  bigeye  chub,  Hybopsis  amblops ,  and  the  pallid  shiner, 
Hybopsis  amnis ,  misidentifications  can  be  made  by  even  the  most  competent  taxono¬ 
mists,  and  museum  specimens  provide  the  most  reliable  record  for  species  occurrences. 


All  known  historical  localities  for  the  crustaceans  and  all  known  localities  where  the 
fishes  have  been  observed  since  1960  and  presumed  extant  were  revisited,  and  other 
habitats  with  similar  characteristics  were  sampled  as  time  permitted.  Sampling  methods 
were  those  normally  used  for  each  target  species  or  that  most  appropriate  for  the  particu¬ 
lar  habitat  sampled.  Most  habitats  were  sampled  with  dipnets  and  10’  x  4’  minnow 
seines  (1/4  or  3/8-inch  mesh);  large-river  habitats  were  sampled  with  30’  x  4’  bag  seines, 
backpack  shockers,  and  boat  shockers.  Disturbance  of  habitats  was  kept  to  a  minimum, 
and  no  sampling  was  done  with  chemicals.  In  addition  to  sites  visited  specifically  for  the 
rare  species,  thousands  of  other  collections  have  been  made  in  Illinois  during  the  past  20 
years  by  scientists  at  the  Illinois  Natural  History  Survey  (INHS)  and  Southern  Illinois 
University  at  Carbondale  (SIUC)  and  Illinois  Department  of  Natural  Resources  streams 
biologists.  Vouchers  from  these  collections  are  deposited  at  INHS  and  SIUC.  Conclu¬ 
sions  about  the  statewide  status  of  species  are  based  on  this  larger  collecting  effort. 

The  most  likely  threats  to  long-term  survival  of  each  species  studied  are  identified  below. 
Threats  include  habitat  degradation  resulting  from  agricultural  practices  that  result  in 
large  releases  of  silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams;  dams;  stream 
channelization;  artificial  stocking  of  predators  such  as  northern  pike  and  largemouth  bass; 
and  removal  of  native  vegetation  from  riparian  zones  and  destruction  of  wetlands  which 
normally  function  as  filters  and  reduce  amounts  of  chemicals  and  silt  reaching  the  river. 
The  detrimental  impacts  of  these  forms  of  habitat  degradation  on  native  organisms  have 
been  studied  at  length  and  are  reviewed  in  Smith  (1971),  Karr  &  Gorman  (1975),  Neves 
&  Angermeier  (1990),  Detenbeck  et  al.  (1992),  Allan  (1995),  Moyle  (1995),  Cushing 
(1997),  Page  et  al.  (1997),  and  Cushing  &  Allan  (2001). 

RESULTS  -  FISHES 

1.  Northern  Brook  Lamprey,  Ichthyomyzon  fossor  (Currently  listed  as  State  En¬ 
dangered  -  Illinois  Endangered  Species  Protection  Board  1999) 

The  northern  brook  lamprey  was  collected  in  the  Kankakee  River,  west  of  Momence, 
Kankakee  County,  in  October  1963  (INHS  64406),  at  Aroma  Park,  Kankakee  County,  in 
June  1966  (INHS  5689),  and  south  of  Illinois,  Kankakee  County,  on  10  September  1975 
(INHS  26740).  No  other  specimens  for  Illinois  records  of  this  species  have  been 
vouchered,  although  a  sighting  of  the  species  was  recorded  for  the  Kankakee  River  near 
Rt.  50  in  Kankakee,  Kankakee  County,  in  1991  by  Mr.  Glen  Kruse  of  the  Illinois  De¬ 
partment  of  Natural  Resources,  and  the  species  recently  was  found  (16  May  2001)  in  the 
Kankakee  River  in  Indiana  (INHS  9091 1). 

The  northern  brook  lamprey  is  known  in  Illinois  only  from  the  Kankakee  River.  Else¬ 
where,  it  occurs  in  southern  Canada  and  the  northern  U.S.  from  the  St.  Lawrence  River, 
Quebec,  westward  through  the  Great  Lakes  and  northern  Mississippi  River  basins  to  the 
Red  River  (Hudson  Bay  drainage)  in  southern  Manitoba,  in  the  Ohio  River  drainage  of 
Pennsylvania,  West  Virginia,  Kentucky,  Ohio,  and  northern  Indiana,  and  in  the  Missouri 
and  Meramec  River  drainages  in  the  Missouri  Ozarks  (Page  and  Burr  1991).  The  species 
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is  highly  localized  throughout  its  range  but  can  be  locally  common  (e.g.,  in  northern  Mis¬ 
souri  -  Pflieger  1997).  Adults  live  in  clean,  clear  gravel  riffles  and  runs  of  small  rivers; 
ammocoetes  (larval  lampreys)  live  in  quiet  water  over  sand,  silt,  and  debris. 

Ichthyologists  and  fishery  biologists  have  repeatedly  sampled  habitats  of  the  Kankakee 
River  in  recent  years,  but  no  northern  brook  lampreys  have  been  found.  Efforts  specifi¬ 
cally  directed  at  finding  lampreys  were  made  by  INHS  staff  and  IDNR  streams  biologists 
in  1994,  1998,  1999,  and  2000.  The  Kankakee  River  at  Aroma  Park  was  sampled  in  1994 
and  2000,  at  Momence  in  1999  and  2000,  at  Route  50  in  1998  and  south  of  Illinois  in 
2000.  Efforts  included  the  use  of  backpack  shockers,  boat  shockers,  minnow  seines,  and 
bag  seines.  The  fact  that  no  lampreys  were  found  suggests  that  the  species  is  extremely 
rare  or  is  extirpated  from  the  Illinois  portion  of  the  Kankakee  River.  However,  the  north¬ 
ern  brook  lamprey  is  a  difficult  species  to  locate  and  still  is  present  in  the  Kankakee  River 
in  Indiana  just  upstream  of  Illinois.  In  our  opinion,  the  species  is  likely  to  be  in  the 
Kankakee  River  in  Illinois  and  should  remain  protected  as  an  endangered  species. 

Extant  Illinois  Populations:  (1)  Kankakee  River,  Kankakee  County  -  status  uncertain,  but 
records  in  adjacent  Indiana  suggest  that  the  species  still  occurs  in  Illinois. 

Threats  to  Survival:  Habitat  degradation  resulting  from  agricultural  practices  that  result  in 
large  releases  of  silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams;  stream  chan¬ 
nelization;  artificial  stocking  of  predators  such  as  northern  pike,  largemouth  bass,  and 
bluegills.  The  negative  impacts  of  toxicants  and  silt  have  been  increased  by  the  removal 
of  native  vegetation  from  riparian  zones  and  destruction  of  wetlands,  which  would  oth¬ 
erwise  function  as  a  filter  and  reduce  the  amounts  of  chemicals  and  silt  reaching  the  river. 

2.  River  Chub,  Nocomis  micropogon  (State  Endangered) 

The  river  chub  is  known  from  Illinois  only  from  two  rivers,  the  Wabash  River  and  the 
Little  Vermilion  River  (Smith  1979,  Burr  et  al.  1988,  Burr  et  al.  1996).  Both  collections 
from  the  Wabash  River  were  made  in  1964;  specimens  were  obtained  southeast  of  Heath- 
sville  in  Lawrence  County  on  28  August  (INHS  9073),  and  north  of  Darwin  in  Clark 
County  on  4  October  (INHS  2483).  Collections  from  the  Little  Vermilion  River  were 
made  north  of  Humrick  in  Vermilion  County  in  1987,  1989,  and  1992  (INHS  63435; 
SIUC  15043,  17617,  20720),  and  from  east-southeast  of  Georgetown  in  1989  and  1992 
(SIUC  17639,  20609). 

All  known  localities  for  the  species  on  the  Little  Vermilion  River  were  seined  in  1994, 
1996,  1997,  1999,  and  2001.  Several  of  these  sites  also  were  electroshocked  in  1997  and 
1999.  Several  sites  on  the  Wabash  River,  including  known  localities  for  the  river  chub  in 
Clark  and  Lawrence  counties  and  were  extensively  sampled  with  seines  in  1994,  1997, 
1998,  and  1999.  Efforts  to  find  the  species  in  Illinois  since  1992  were  unsuccessful  until 
one  specimen  was  collected  north  of  Humrick  in  Vermilion  County  on  19  May  2001 
(INHS  91 163). 

The  river  chub  ranges  from  Atlantic  Slope  drainages  to  the  Wabash  River  drainage  of 
east-central  Illinois.  It  is  common  throughout  most  of  its  range,  including  streams  in 
western  Indiana.  The  species  is  found  most  often  in  rocky  runs  and  flowing  pools  of 
small  to  medium  rivers. 
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River  chubs  are  extremely  rare  in  Illinois.  The  Wabash  River  is  a  much  larger  stream 
than  those  in  which  river  chubs  normally  are  found,  and  individuals  collected  in  the  Wa¬ 
bash  River  may  have  been  strays  from  tributaries  in  Indiana.  The  population  in  the  Little 
Vermilion  River  is  extremely  small.  However,  habitats  in  the  lower  Little  Vermilion 
River  seem  archetypal  for  the  river  chub,  and  the  species  may  become  more  common  if 
efforts  are  made  to  improve  water  quality.  The  river  chub  should  remain  protected  as  an 
endangered  species  in  Illinois,  following  the  recommendation  of  Herkert  (1994). 

Extant  Illinois  Populations:  (1)  Little  Vermilion  River,  Vermilion  County. 

Threats  to  Survival:  Habitat  degradation  resulting  from  agricultural  practices  that  result  in 
large  releases  of  silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams;  stream  chan¬ 
nelization;  removal  of  native  vegetation  from  riparian  zones;  introductions  of  non-native 
species. 

3.  Bigeye  Chub,  Hybopsis  amblops  (State  Endangered) 

The  bigeye  chub  once  was  common  in  east-central  Illinois.  Records  for  the  late  1800s 
and  early  to  mid- 1900s  (through  1961)  exist  for  the  Vermilion  River,  Brouilletts  Creek, 
Embarras  River,  Little  Wabash  River,  and  upper  Kaskaskia  River  drainages  (Warren  and 
Burr  1988).  However,  the  only  recent  records  for  the  species  in  Illinois  are  from  the  Lit¬ 
tle  Vermilion  River  in  Vermilion  County  (east-southeast  of  Georgetown,  2  Sept.  1992,  8 
July  &  22  Sept.  1997,  and  north  of  Humrick,  19  May  2001;  (SIUC  20608,  INHS  41538, 
43137,  91162)  and  the  Middle  Fork  of  the  Vermilion  River  (east- southeast  Collison,  30 
March  2001;  INHS  90240).  The  species  has  disappeared  from  all  other  streams  in  Illi¬ 
nois. 

The  bigeye  chub  occupies  the  Lake  Erie  drainage  and  the  Ohio  River  drainage  from  New 
York  to  eastern  Illinois  and  south  to  the  Tennessee  River  drainage  of  Georgia  and  Ten¬ 
nessee  (Page  and  Burr  1991).  The  species  lives  in  rocky  flowing  pools  of  small  to  me¬ 
dium  rivers  and  is  common  throughout  much  of  its  range,  including  streams  in  western 
Indiana.  It  is  often  found  near  vegetation.  Its  demise  in  Illinois  appears  to  be  related  to 
poor  agricultural  practices  that  have  resulted  in  large  releases  of  silt,  fertilizers,  and  pesti¬ 
cides  into  streams  (Smith  1971,  1979;  Warren  and  Burr  1988;  Page  et  al.  1997). 

The  bigeye  chub  is  extremely  rare  in  Illinois.  Populations  in  the  Little  Vermilion  and 
Middle  Fork  Vermilion  rivers  are  indicative  of  the  good  water  quality  in  these  two 
streams.  The  bigeye  chub  should  remain  protected  as  an  endangered  species  in  Illinois. 

Extant  Illinois  Populations:  (1)  Little  Vermilion  River  and  (2)  Middle  Fork  Vermilion 
River,  Vermilion  County. 

Threats  to  Survival:  Habitat  degradation  resulting  from  agricultural  practices  that  result  in 
large  releases  of  silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams;  stream  chan¬ 
nelization;  removal  of  native  vegetation  from  riparian  zones;  introductions  of  non-native 
species.  Herbicides  appear  to  have  contributed  substantially  to  the  loss  of  aquatic  vege¬ 
tation  and  thus  to  the  loss  of  most  Illinois  populations  of  the  bigeye  chub  and  other  fishes 
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dependent  on  vegetation  for  habitat  and  food  organisms  (mostly  aquatic  insects  and 
crustaceans)  living  on  plants. 

4.  Pallid  Shiner,  Hybopsis  amnis  (State  Endangered) 

Although  once  found  throughout  Illinois  (Warren  and  Burr  1988),  the  pallid  shiner  has 
been  observed  at  only  three  localities  since  1978:  a  section  of  the  Kankakee  River  from 
Custer  Park  to  Ritchie  (many  observations  between  1978  and  1992;  voucher  specimens  at 
INHS);  the  Illinois  River,  south-southwest  of  Channahon,  Grundy  County,  1987-89 
(INHS  65295);  and  the  Mississippi  River  near  Cordova,  Rock  Island  County,  12  April 
1979  (INHS  27091)  and  7  October  1986  (INHS  62318).  Only  the  Kankakee  River 
population  is  considered  large  and  stable;  other  populations  are  extremely  small.  The 
demise  of  the  species  throughout  Illinois  appears  to  be  the  result  of  habitat  degradation 
related  to  the  poor  agricultural  practices  that  result  in  large  releases  of  silt,  fertilizers,  and 
pesticides  into  streams,  as  well  as  the  channelization  of  otherwise  meandering  streams, 
the  construction  of  dams,  and  urban  pollution  (Smith  1971,  1979;  Warren  and  Burr  1988; 
Page  et  al.  1997).  The  pallid  shiner  should  remain  protected  as  an  endangered  species  in 
Illinois. 

The  pallid  shiner  occupies  the  Mississippi  River  basin  from  Wisconsin  and  Michigan 
south  to  Louisiana,  and  Gulf  Coast  drainages  of  Louisiana  and  Texas  (Page  and  Burr 
1991).  The  species  is  found  most  often  in  pools  of  medium  to  large  rivers.  It  is  fairly 
common  throughout  the  southern  half  of  its  range,  but  is  uncommon  to  rare  in  the  north. 

Extant  Illinois  Populations:  (1)  Kankakee  River,  Will  County,  (2)  Illinois  River  in  the 
vicinity  of  Grundy  County  and  (3)  Mississippi  River  in  the  vicinity  of  Rock  Island 
County.  Note  that  the  collections  from  the  Illinois  and  Mississippi  rivers  contained  very 
few  specimens  and  this  suggests  that  its  status  is  uncertain. 

Threats  to  Survival:  Habitat  degradation  resulting  from  agricultural  practices  that  result  in 
large  releases  of  silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams;  stream  chan¬ 
nelization;  dams;  removal  of  native  vegetation  from  riparian  zones;  introductions  of  non¬ 
native  species. 

5.  Pugnose  Shiner,  Notropis  anogenus  (State  Endangered) 

The  pugnose  shiner  was  originally  described  from  specimens  collected  in  1880  (Forbes 
1885)  from  the  Fox  River  in  McHenry  County  (INHS  26948,  26949)  and  was  known  to 
occur  elsewhere  in  Illinois  only  in  a  floodplain  lake  near  Havana  in  Mason  County  where 
it  was  collected  in  1909  (INHS  85642)  and  in  glacial  lakes  in  Lake  County.  Glacial  lakes 
where  the  species  has  been  found,  and  years  of  collection,  are  Fourth  Lake,  1892  (INHS 
85199),  Channel  Lake,  1965  (INHS  4101),  Grass  Lake,  1968  (INHS  4090),  Loon  Lake, 
1968  (INHS  4138),  East  Loon  Lake,  1984  (INHS  68013)  and  1985  (INHS  68452),  Deep 
Lake,  1985  (INHS  68441),  and  Cross  Lake,  1986  (INHS  62616). 

The  pugnose  shiner  occurred  historically  in  the  Great  Lakes,  Mississippi  River,  and  Hud¬ 
son  Bay  basins  from  eastern  Ontario  to  North  Dakota  and  south  to  central  Illinois  (where 
the  species  now  is  extirpated).  The  species  is  rare  and  becoming  less  common  over  much 
of  its  range  (Page  and  Burr  1991).  It  usually  is  found  over  sand  and  mud  in  clear  vege¬ 
tated  lakes  and  vegetated  pools  and  runs  of  creeks  and  rivers.  The  species  lives  among 
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aquatic  plants  and  feeds  on  small  crustaceans  that  live  on  the  plants  and  on  filamentous 
algae  (Becker  1983).  The  pugnose  shiner  is  one  of  the  rarest  fishes  in  North  America  and 
should  remain  protected  as  an  endangered  species  in  Illinois. 

Since  1990,  the  pugnose  shiner  has  been  observed  at  only  four  lakes  in  Lake  and 
McHenry  counties  in  spite  of  intensive  efforts  made  to  find  the  species  in  all  previously 
known  localities.  Populations  appear  to  be  extant  only  in  Deep  Lake  (SIUC  30126),  East 
Loon  Lake  (INHS  60554),  Cross  Lake  (INHS  60555,  SIUC  30219)  and  Elizabeth  Lake 
(INHS  28421,  SIUC  30131). 

Extant  Illinois  Populations:  (1)  Glacial  lakes  in  Lake  and  McHenry  counties.  Populations 
may  survive  only  in  Deep,  East  Loon,  and  Cross  lakes  in  Lake  County,  and  in  Elizabeth 
Lake  in  McHenry  County. 

Threats  to  Survival:  Removal  of  native  submerged  vegetation;  introductions  of  non¬ 
native  species  and  stocking  of  predators  such  as  northern  pike,  largemouth  bass,  and 
bluegills;  habitat  degradation  resulting  from  releases  of  fertilizers,  pesticides,  and  silt  into 
streams  and  lakes  (Herkert  1992). 

6.  Blacknose  Shiner,  Notropis  heterolepis  (State  Endangered) 

The  blacknose  shiner  was  once  widespread  throughout  Illinois  and  probably  was  com¬ 
mon  in  the  prairie  swales  and  natural  lakes  in  the  northern  two-thirds  of  the  state  before 
these  habitats  were  drained  (Smith  1979).  However,  the  species  has  disappeared  from 
most  of  the  state  and  persists  in  only  a  few  localities  in  northern  Illinois.  All  recent  re¬ 
cords,  those  since  1970,  are  from  Lake  and  McHenry  counties  in  extreme  northeastern 
Illinois. 

The  blacknose  shiner  occupies  the  Atlantic,  Great  Lakes,  Hudson  Bay,  and  Mississippi 
River  basins  of  southern  Canada  and  south  to  Ohio,  Illinois,  south-central  Missouri,  and 
Kansas.  It  remains  common  in  some  parts  of  its  range  (e.g.,  Ontario,  Michigan,  and  Wis¬ 
consin),  but  is  disappearing  from  many  southern  localities  (Smith  1979,  Pflieger  1997, 
Trautman  1981).  It  lives  in  clear,  vegetated  glacial  lakes  and  sand-bottomed  streams. 

Based  on  collections  since  1990,  the  species  is  extant  in  McHenry  County  in  Nippersink 
Creek  and  Elizabeth  Lake.  It  was  collected  in  Nippersink  Creek,  northeast  of  Richmond, 
28  April  1992  (INHS  28533),  and  in  Elizabeth  Lake,  northeast  of  Richmond,  11  May 
1993  (INHS  30667).  In  Lake  County,  the  species  persists  in  Wooster  Lake,  Cedar  Lake, 
Loon  Lake,  East  Loon  Lake,  Bangs  Lake,  Cross  Lake,  and  Deep  Lake.  It  was  collected 
in  Wooster  Lake,  south  of  Fox  Lake,  14  May  1990  (INHS  60565)  and  21  September 
1997  (SIUC  30134);  Cedar  Lake,  May  1990  (INHS  60559),  1  June  1992  (SIUC  19753), 
14  September  1997  (SIUC  30130),  and  2  May  1998  (INHS  45684);  Loon  Lake,  southeast 
of  Antioch,  26  June  1998  (INHS  48939)  and  18  August  1998  (INHS  48152);  East  Loon 
Lake,  north  of  Lake  Villa,  2  May  1998  (INHS  45712);  Bangs  Lake,  1  July  1998  (INHS 
48725);  Cross  Lake,  26  June  1998  (INHS  48948)  and  2  July  1998  (INHS  47211);  Deep 
Lake,  east  of  Lake  Villa,  21  September  1997  (SIUC  30128)  and  2  July  1998  (INHS 
48241). 
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The  blacknose  shiner  may  survive  in  additional  lakes  and  associated  streams  in  Lake  and 
McHenry  counties,  but  it  seems  unlikely  that  it  survives  elsewhere  in  Illinois.  The  de¬ 
cline  of  this  species  has  been  among  the  most  dramatic  of  any  species  in  Illinois,  and  the 
present  distribution  is  a  small  fraction  of  the  original  range  of  the  species.  The  blacknose 
shiner  should  remain  protected  as  an  endangered  species  in  Illinois. 

Extant  Illinois  Populations:  (1)  Nippersink  Creek  and  Elizabeth  Lake  in  McHenry 
County,  (2)  Glacial  lakes  in  Lake  County,  including  Wooster  Lake,  Cedar  Lake,  Loon 
Lake,  East  Loon  Lake,  Bangs  Lake,  Cross  Lake,  and  Deep  Lake. 

Threats  to  Survival:  Removal  of  native  submerged  vegetation;  introductions  of  non¬ 
native  species  and  stocking  of  predators  such  as  largemouth  bass  and  bluegills;  habitat 
degradation  resulting  from  channelization,  dams,  and  release  of  fertilizers,  pesticides,  and 
silt  into  streams  and  lakes. 

7.  Taillight  Shiner,  Notropis  maculatus  (State  Endangered) 

The  taillight  shiner  has  been  found  in  Illinois  only  in  a  wetland  (=  Mud  Creek)  in  Massac 
County  (Burr,  et  al.  1988).  It  was  first  found  in  Mud  Creek,  south  of  Unionville  on  15 
July  1987  (SIUC  15282),  and  again  at  the  same  locality  on  31  July  1987  (SIUC  15356) 
and  19  July  1988  (INHS  64206).  All  subsequent  attempts  to  observe  the  species  have 
been  unsuccessful. 

Illinois  is  on  the  northern  edge  of  the  species’  range,  which  extends  from  southern  Illinois 
to  the  Gulf  Coast  and  in  coastal  drainages  from  North  Carolina  to  Texas.  Elsewhere  the 
species  is  generally  uncommon.  It  usually  is  found  near  vegetation  in  swamps,  ponds, 
and  backwater  pools  of  small  to  large  rivers.  Additional  efforts  should  be  made  to  con¬ 
firm  the  status  of  the  species  in  Illinois.  For  now,  it  should  remain  protected  as  an  en¬ 
dangered  species,  following  the  recommendation  of  Herkert  (1994). 

Extant  Illinois  Populations:  (1)  Mud  Creek,  south  of  Unionville,  Massac  County  -  status 
uncertain. 

Threats  to  Survival:  Degradation  from  agricultural  practices  that  result  in  large  releases  of 
silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams. 

8.  Weed  Shiner,  Notropis  texanus  (State  Endangered) 

The  weed  shiner  once  occurred  widely  in  Illinois  and  was  found  in  the  Rock,  Illinois,  and 
Wabash  River  drainages  (Forbes  and  Richardson  1909,  Smith  1979).  It  appears  to  have 
been  fairly  common  in  sandy  tributaries  of  the  Illinois  River  in  Morgan  and  Mason  coun¬ 
ties.  However,  the  only  Illinois  records  for  the  species  since  1990  are  from  the  Kankakee 
River  system  in  Kankakee  County,  and  tributaries  of  the  Rock  River  in  a  small  area  of 
Bureau  and  Whiteside  counties.  The  weed  shiner  has  been  found  since  1990  in  the  Rock 
River  system  only  in  County  Ditch  No.  1  (Coon  Creek),  north  of  Tampico,  Whiteside 
County,  23  May  1990  (INHS  58554);  Coon  Creek,  Whiteside  County,  23  May  1990 
(INHS  58593);  Fairfield  Union  Special  Ditch,  west  of  New  Bedford,  Bureau  County,  24 
July  1991  (INHS  27883)  and  18  August  1999  (INHS  90411);  Fairfield  Ditch  No.  1, 
north-northwest  of  Mineral,. Bureau  County,  29  July  1991  (INHS  27882)  and  18  August 
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1999  (INHS  90066);  and  Fairfield  Ditch  No.  1,  southeast  of  Yorktown,  Bureau  County, 
23  May  1990  (INHS  58602)  and  15  July  1999  (INHS  51994). 

In  the  Kankakee  River  drainage,  weed  shiners  have  been  collected  since  1990  in  a  tribu¬ 
tary  of  Little  Beaver  Creek,  south-southwest  of  Hopkins  Park,  11  July  1991  (INHS 
61084);  Little  Beaver  Creek,  south  of  Hopkins  Park,  Kankakee  County,  11  July  1991 
(INHS  61088);  a  small  unnamed  tributary  of  the  Kankakee  River,  east- southeast  of  Mo- 
mence,  Kankakee  County,  17  August  1999  (INHS  52831);  and  a  backwater  of  the 
Kankakee  River  near  River  Isle,  Kankakee  County,  25  July  2000  (INHS  56820). 

The  weed  shiner  is  found  in  clear  water  near  submerged  vegetation  in  sandy  runs  and 
pools  of  creeks  and  small  to  medium  rivers.  In  Illinois  and  other  northern  states,  the  spe¬ 
cies  also  may  be  found  in  large  rivers  and  the  lower  reaches  of  their  tributaries.  The  spe¬ 
cies  ranges  from  Michigan,  Wisconsin,  and  Minnesota  south  to  the  Gulf  of  Mexico.  It  is 
common  in  the  southern  part  of  its  range  but  is  rare  in  Illinois  and  other  northern  states 
(Smith  1979,  Becker  1983,  Page  and  Burr  1991,  Lyons  et  al.  2000). 

The  few  streams  in  which  the  weed  shiner  persists  in  Illinois  are  restricted  to  the 
Kankakee  River  system  and  a  small  area  in  southern  Whiteside  and  northwestern  Bureau 
County.  The  populations  in  the  Kankakee  system  are  more  widespread  but  still  appear 
vulnerable  to  extirpation.  Of  particular  concern,  recent  efforts  to  find  the  species  in  Little 
Beaver  Creek,  where  it  was  found  in  1982  and  1991,  were  unsuccessful.  Although  the 
weed  shiner  still  may  occur  in  Little  Beaver  Creek,  this  stream  and  others  are  in  an  area 
of  intensive  agriculture  and  are  highly  vulnerable  to  degradation. 

Given  the  historical  distribution  of  the  weed  shiner  in  Illinois,  it  appears  to  be  in  serious 
decline  and  should  remain  protected  as  an  endangered  species.  Protecting  specific  areas 
of  habitat  for  this  species,  including  Coon  Creek/County  Ditch  No.  1  in  Whiteside 
County  and  Kankakee  River  in  Kankakee  County,  seems  highly  desirable. 

Extant  Illinois  Populations:  (1)  Tributaries  of  the  Rock  River  in  a  small  area  in  southern 
Whiteside  and  northwestern  Bureau  County,  (2)  Tributaries  and  backwaters  of  the 
Kankakee  River  in  Kankakee  County. 

Threats  to  Survival:  Siltation,  pesticides,  and  fertilizers  from  agriculture;  removal  of  wa¬ 
ter  from  streams  for  irrigating  fields;  removal  of  native  vegetation  from  riparian  zones; 
introductions  of  non-native  species. 

9.  Northern  Madtom,  Noturus  stigmosus  (State  Endangered) 

The  only  valid  Illinois  records  for  the  northern  madtom  are  based  on  collections  made  in 
the  Wabash  River  at  Vincennes,  Knox  County,  Indiana  (Lawrence  County,  Illinois)  in 
1888  (USNM  161721);  the  Vermilion  River,  east  of  Westville,  Vermilion  County, 
August  1962  (INHS  12057);  and  the  Ohio  River  near  Joppa,  Massac  County,  11  October 
1997  (SIUC  29386)  (Burr  and  Stewart  1998).  The  record  given  by  Smith  (1979)  for  the 
Wabash  River  near  Rochester,  Wabash  County,  was  based  on  a  misidentification  of  the 
morphologically  similar  mountain  madtom,  Noturus  eleutherus  (Thomas  2000). 
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The  northern  madtom  occupies  Lake  Erie  and  Ohio  River  basins  from  Pennsylvania  to 
western  Kentucky,  and  Mississippi  River  tributaries  in  western  Tennessee  and  northern 
Mississippi.  It  lives  near  woody  debris  in  mixed  sand  and  rock  riffles  and  runs  in  small 
to  large  rivers.  The  species  is  uncommon  throughout  most  of  its  range. 

Recent  efforts  to  find  the  northern  madtom  in  the  Vermilion  and  Wabash  rivers,  including 
seining  expeditions  in  Vermilion,  Clark,  Wabash,  and  Lawrence  counties  in  1994,  1997, 
1998,  and  1999,  were  unsuccessful.  If  the  species  persists  in  the  Vermilion  and  Wabash 
rivers,  it  is  extremely  rare  (Thomas  2000).  The  northern  madtom  should  remain  protected 
as  an  endangered  species  in  Illinois. 

Extant  Illinois  Populations:  (1)  Ohio  River  near  Joppa,  Massac  County. 

Threats  to  Survival:  Dams;  stream  channelization;  introductions  of  non-native  species; 
habitat  degradation  resulting  from  agricultural  practices  that  result  in  large  releases  of 
silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams;  removal  of  native  vegetation 
from  riparian  zones. 

10.  Harlequin  Darter,  Etheostoma  histrio  (State  Endangered) 

The  harlequin  darter  was  observed  at  five  localities  in  the  Embarras  River  in  Cumberland 
County  (INHS  16735,  16767,  16853,  16800,  17074)  and  Jasper  County  (INHS  9617, 
9657)  in  the  1960s  (Smith  1979),  and  in  Coles  County  in  the  1980s  (INHS  88477).  How¬ 
ever,  many  recent  efforts  to  find  the  harlequin  darter  at  these  localities  have  been  unsuc¬ 
cessful,  and  the  species  appears  to  be  extirpated  from  the  Embarras  River.  The  last  ob¬ 
servation  was  on  25  October  1983  when  one  specimen  was  found  just  below  the  Lake 
Charleston  dam,  southeast  of  Charleston,  Coles  County  (INHS  88477). 

Smith  (1979)  postulated  that  an  unvouchered  record  published  by  Forbes  and  Richardson 
(1909)  for  the  banded  darter,  Etheostoma  zonale,  in  the  Wabash  River,  White  County, 
actually  was  based  on  a  collection  of  the  harlequin  darter.  The  persistence  of  the  harle¬ 
quin  darter  in  the  Wabash  River  has  been  documented  by  collections  made  in  White  and 
Wabash  counties  (Burr  et  al.  1996),  and  the  species  also  was  found  recently  (8  October 
1997)  in  the  Ohio  River  near  Wabash  Island  at  the  mouth  of  the  Wabash  River,  Gallatin 
County  (SIUC  29947).  The  species  was  collected  or  observed  in  the  Wabash  River, 
northwest  of  Mount  Carmel,  Wabash  County,  29  July  1995  (SIUC  24444);  northeast  of 
Maunie,  White  County,  30  October  1995  (SIUC  24861);  east  of  Maunie,  White  County, 
26  September  1996  (INHS  39006);  near  Rochester,  Wabash  County,  22  September  1997 
(INHS  42311);  near  Maunie,  White  County,  18  September  1998  (SIUC  33497)  and  2 
October  1999  (INHS  staff;  no  specimens  vouchered). 

The  harlequin  darter  lives  in  rocky  riffles  or  among  woody  debris  in  sandy  and  gravelly 
runs  of  small  to  large  rivers  from  central  Illinois  to  the  Gulf  Coast.  Most  populations  are 
in  streams  on  the  Former  Mississippi  Embayment.  The  species  is  locally  common. 

The  long-term  presence  of  the  harlequin  darter  in  a  fairly  large  segment  of  the  Wabash 
River  in  Wabash  and  White  counties  suggests  that  a  sizeable  population  exists.  However, 
suitable  habitat,  which  consists  of  clean  rocky  riffles  or  current-swept  woody  debris,  ap- 
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pears  to  be  scarce,  and  the  species  may  not  occur  in  areas  other  than  those  identified 
above.  The  harlequin  darter  should  remain  protected  as  an  endangered  species  in  Illinois. 

Extant  Illinois  Populations:  (1)  Wabash  River,  Wabash  and  White  counties,  (2)  Ohio 
River,  Gallatin  County. 

Threats  to  Survival:  Dams;  stream  channelization;  introductions  of  non-native  species; 
habitat  degradation  resulting  from  agricultural  practices  that  result  in  large  releases  of 
silt,  fertilizers,  pesticides,  and  animal  wastes  into  streams;  removal  of  native  vegetation 
from  riparian  zones. 


RESULTS  -  CRUSTACEANS 

11.  Amphipod,  Crangonyx  antennatus  (State  Endangered) 

The  presumed  presence  of  Crangonyx  antennatus  in  Illinois  was  based  on  two  collections 
made  in  1975  and  1976  in  Cave  Springs  Cave  in  Hardin  County  (INHS  2179,  2181). 
These  collections  recently  were  re-identified  by  Dr.  John  R.  Holsinger  of  Old  Dominion 
University  as  Crangonyx  packardi.  According  to  Zhang  (1997),  Crangonyx  packardi 
occurs  throughout  the  Shawnee  Hills  in  southern  Illinois  and  in  Twin  Culverts  Cave  in 
Pike  County  (INHS  6617).  The  presence  of  Crangonyx  antennatus  in  Illinois  was  based 
on  misidentified  specimens.  The  species  with  which  it  was  confused,  Crangonyx  pack¬ 
ardi,  is  discussed  below. 

Extant  Illinois  Populations:  None. 

12.  Packard's  Amphipod,  Crangonyx  packardi  (State  Endangered) 

Crangonyx  packardi  has  been  considered  a  complex  of  species  in  need  of  taxonomic  re¬ 
vision  (Holsinger  1972).  As  noted  by  Zhang  (1997),  "Earlier  references  to  literally  all 
Crangonyx  from  caves  in  the  Interior  Low  Plateaus  region  were  this  species.  However,  it 
is  obvious  from  the  present  study  that  several  species  were  once  called  'packardi'"  In  his 
revision  of  Crangonyx ,  Zhang  (1997)  identified  specimens  of  Crangonyx  packardi  from 
several  counties  (Hardin,  Johnson,  Saline,  and  Union)  in  the  Shawnee  Hills  in  southern 
Illinois,  and  in  Twin  Culverts  Cave  in  Pike  County  (INHS  6617).  The  species  has  been 
found  recently  (19  April  1997)  at  Bell  Spring  in  Johnson  County  (INHS  6548)  and,  al¬ 
though  difficult  to  collect,  almost  certainly  persists  in  several  caves  in  the  Shawnee  Hills. 
The  new  information  suggests  that  the  species  is  not  endangered  in  Illinois. 

Extant  Illinois  Populations:  (1)  Springs  and  caves  in  the  Shawnee  Hills  in  southern  Illi¬ 
nois,  (2)  Twin  Culverts  Cave  in  Pike  County. 

13.  Amphipod,  Crangonyx  anomalus  (State  Endangered) 

Crangonyx  anomalus  is  known  in  Illinois  only  from  two  collections,  made  in  1974  and 
1992,  in  springs  in  Pope  County  (INHS  3458,  6441).  One  spring  drains  into  Lusk  Creek, 
and  the  other  into  Simmons  Creek  and  then  into  Big  Grand  Pierre  Creek.  A  return  visit  to 
the  1974  site  (Lusk  Creek),  northwest  of  Golconda  in  an  area  known  as  Reddick  Hollow, 
failed  to  produce  any  specimens.  However,  the  area  contains  terrain  difficult  to  ade¬ 
quately  sample,  and  it  is  likely  that  the  species,  albeit  rare,  is  still  there. 
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This  species  is  easily  distinguished  by  the  strongly  expanded  posterior  margins  of  the 
pereopod  bases.  It  is  fairly  common  in  springs  and  spring-fed  streams  in  southwestern 
Ohio  and  eastern  Kentucky;  however,  it  is  known  to  occur  in  Illinois  only  in  Pope  County 
and  in  Indiana  at  only  one  locality  (Zhang  1997).  Its  restricted  occurrence  in  Illinois  and 
Indiana  is  difficult  to  explain. 

Crangonyx  anomalus  was  considered  to  be  endangered  because  it  was  known  in  Illinois 
only  from  the  locality  near  Golconda.  Expanding  its  known  range  to  a  second  site  sug¬ 
gests  that  the  species  is  more  widespread  than  previously  realized  in  southeastern  Illinois. 
However,  only  three  specimens  have  been  collected  in  the  state  and  until  more  sites  can 
be  explored  for  the  species,  it  should  still  be  considered  as  endangered  in  the  state. 

Extant  Illinois  Populations:  (1)  Spring  near  Gowins,  Simmons  Creek  drainage,  Pope 
County;  (and  probably  extant  in  one  or  more  springs  near  Golconda,  Lusk  Creek  drain¬ 
age,  Pope  County). 

Threats  to  Survival:  No  immediate  anthropogenic  threats  are  evident.  However,  the  spe¬ 
cies  appears  to  persist  in  Illinois  in  small,  highly  disjunct  populations  and  may  be  vulner¬ 
able  to  agricultural  chemicals  or  other  pollutants  (Herkert  1992). 

14.  Amphipod,  Gammarus  bousfieldi  (State  Threatened) 

Gammarus  bousfieldi  is  listed  as  a  Threatened  Species  in  Illinois  based  on  specimens 
collected  from  the  Ohio  River  (INHS  2189,  3065,  3068,  3074,  3515,  3531).  However,  a 
recent  comparison  by  one  of  us  (LMP)  of  specimens  collected  from  the  Illinois  portion  of 
the  Ohio  River  with  type-specimens  of  Gammarus  bousfieldi  at  the  U.S.  National  Mu¬ 
seum  indicates  that  the  Ohio  River  records  are  based  on  misidentified  specimens  of 
Gammarus  fasciatus.  Gammarus  fasciatus  is  native  in  Illinois  only  to  the  Lake  Michigan 
basin  and  perhaps  to  the  upper  Illinois  River  drainage,  and  apparently  was  introduced  into 
the  Ohio  River  around  1973  (Beckett  et  al.  1998).  The  introduced  population  in  the  Ohio 
River  was  referred  to  taxonomically  as  Gammarus  bousfieldi  by  the  Illinois  Endangered 
Species  Protection  Board  (1994,  1999)  but  is  G.  fasciatus ,  as  noted  by  Beckett  et  al. 
(1998).  Gammarus  bousfieldi  is  endemic  to  two  small  tributaries  of  the  Ohio  River  in 
north-central  Kentucky  (Cole  and  Minckley  1961;  Holsinger  1972).  Gammarus  bousfieldi 
is  not  found  in  Illinois. 

The  introduction  of  G.  fasciatus  into  the  Ohio  River  is  thought  to  have  occurred  after,  and 
therefore  not  to  have  caused,  the  disappearance  of  the  native  amphipod,  Crangonyx  pseu- 
dogracilis  (Beckett  et  al.  1998).  Crangonyx  pseudo  gracilis  disappeared  around  1973 
following  dramatic  changes  in  the  physical  characteristics  of  the  river  caused  by  the  con¬ 
struction  of  dams.  Paradoxically,  Gammarus  fasciatus  has  not  been  found  in  the  Ohio 
River  of  Illinois  since  1981.  Several  recent  attempts,  including  visits  to  all  known  locali¬ 
ties  in  1999  and  2000  failed  to  verify  the  presence  of  the  species.  The  Ohio  River  locali¬ 
ties  where  G.  fasciatus  was  found  are  heavily  populated  by  the  zebra  mussel,  Dreissena 
polymorpha.  The  huge  populations  of  the  zebra  mussel  now  in  the  Ohio  River  may  have 
depleted  the  food  supply  for  G.  fasciatus.  The  only  amphipod  recently  found  (26  April 
2000)  in  the  Illinois  portion  of  the  Ohio  River  was  Hyalella  azteca. 
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The  status  of  Gammarus  fasciatus  in  Lake  Michigan  and  the  upper  Illinois  River  should 
be  investigated.  The  recent  introduction  of  a  Eurasian  amphipod,  Echino gammarus  isch- 
nus,  into  the  Great  Lakes  has  led  to  the  extirpation  of  Gammarus  fasciatus  from  portions 
of  the  Lake  Erie  and  Lake  Ontario  drainages  (Dermott  et  al.  1998)  and  may  cause  the 
extirpation  of  G.  fasciatus  in  Lake  Michigan. 

Extant  Illinois  Populations:  None. 

15.  Flat-tailed  Groundwater  Isopod,  Caecidotea  spatulata  (State  Endangered) 

Caecidotea  spatulata  was  described  by  Mackin  and  Hubricht  (1940)  from  a  collection 
made  near  Dupo  in  1937  in  St.  Clair  County  (USNM  76270).  Fleming  (1972)  and  Peck 
&  Lewis  (1978)  reported  collections  from  Carroll  and  DeWitt  counties,  but  Lewis  & 
Bowman  (1981)  subsequently  reidentified  these  as  Caecidotea  kendeighi.  Recent  at¬ 
tempts  by  J.  J.  Lewis  and  by  us  to  find  C.  spatulata  near  the  type-locality  in  St.  Clair 
County  have  been  unsuccessful.  In  April  2000,  Lewis  visited  33  sites  in  St.  Clair  and 
Monroe  counties,  Illinois,  and  one  site  in  St.  Louis  Co.,  Missouri,  in  an  unsuccessful  ef¬ 
fort  to  find  C.  spatulata  (Lewis  2000). 

Caecidotea  spatulata  has  been  confirmed  at  only  one  locality  in  Illinois  and  four  locali¬ 
ties  in  three  counties  in  Missouri.  Because  the  species  is  difficult  to  observe  and  collect 
in  its  underground  habitats,  it  may  be  more  widespread  than  these  observations  suggest. 
Given  the  extensive  development  now  occurring  in  St.  Clair  County,  the  species  is  still 
considered  to  be  state  endangered.  Lewis  (2000)  made  the  same  recommendation. 

Extant  Illinois  Populations:  Status  unknown. 

Threats  to  Survival:  Extensive  modification  of  the  landscape  as  a  result  of  mining  opera¬ 
tions  near  the  type-locality  in  St.  Clair  County,  the  only  known  locality  for  the  species  in 
Illinois. 

16.  Colmar  Isopod,  Caecidotea  lesliei  (State  Endangered) 

Caecidotea  lesliei  was  described  in  1981  (Lewis  and  Bowman  1981)  from  10  specimens 
collected  from  the  outflow  of  a  field  tile,  south  of  Colmar,  McDonough  County  in  1941 
and  now  housed  at  the  U.S.  National  Museum  (USNM  108578,  172788).  The  species 
was  not  seen  again  until  1  May  2001  (almost  exactly  60  years  later!)  when  four  individu¬ 
als  were  collected  from  the  same  tile  outlet  (INHS  8624).  The  species  is  not  known  to 
occur  anywhere  other  than  at  the  type-locality,  making  it  one  of  the  rarest  and  least  geo¬ 
graphically  distributed  species  in  the  world. 

Nothing  appears  to  be  special  about  the  locality  where  Caecidotea  lesliei  is  found.  The 
surrounding  landscape  consists  almost  exclusively  of  farm  fields  on  low  hills  that  origi¬ 
nally  were  covered  with  prairie  grasses.  This  species  apparently  lives  in  groundwater 
flowing  through  unconsolidated  glacial  drift  (White  1991).  The  flow  from  the  tile  drains 
into  the  LaMoine  River  system,  which  is  not  known  to  have  other  endemic  species.  Due 
to  its  occurrence  at  a  single  location,  the  species  is  considered  endangered  in  the  state. 

Extant  Illinois  Populations:  (1)  Subterranean  aquifer,  south  of  Colmar,  McDonough 
County. 
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Threats  to  Survival:  Although  the  species  has  persisted  at  this  site  through  decades  of 
farming  activities,  it  is  prudent  to  protect  the  site  from  pollution  of  the  groundwater  from 
agricultural  fertilizers  and  pesticides  (Herkert  1992). 

17.  Shrimp  Crayfish,  Orconectes  lancifer  (State  Endangered) 

The  only  known  Illinois  population  of  the  shrimp  crayfish  occupies  Horseshoe  Lake  in 
Alexander  County,  where  it  was  observed  as  recently  as  1  October  1999  (INHS  7312).  A 
very  old  record  (mid-1800s)  exists  for  Cairo,  Illinois  (Faxon  1914),  but  the  species  ap¬ 
pears  to  be  gone  from  that  area.  Given  the  continued  degradation  of  Horseshoe  Lake,  the 
species  remains  endangered  in  the  state. 

The  shrimp  crayfish  is  an  inhabitant  of  the  Gulf  Coastal  Plain  and  extends  north  in  the 
Former  Mississippi  Embayment  to  extreme  southern  Illinois.  The  species  is  common  in 
some  areas  of  the  southern  U.S.  but  is  rare  in  the  northern  part  of  its  range  (Page  1985, 
Pflieger  1996).  It  lives  in  deep  water  of  oxbows,  bayous,  and  large  streams  (Black  1972, 
Page  1985,  Pflieger  1996).  Horseshoe  Lake  is  an  old  oxbow  of  the  Mississippi  River 
supporting  stands  of  bald  cypress  and  many  Coastal  Plain  species  that  are  rare  in  Illinois. 
Protection  of  the  lake  should  be  an  extremely  high  priority  of  the  Illinois  Department  of 
Natural  Resources;  unfortunately,  the  lake  is  managed  for  fishing  and  hunting  interests 
with  little  regard  for  rare  and  endangered  species  that  live  there. 

Extant  Illinois  Populations:  (1)  Horseshoe  Lake,  Alexander  County. 

Threats  to  Survival:  Degradation  of  Horseshoe  Lake,  including  removal  of  native  shore¬ 
line  vegetation,  introduction  of  non-native  species,  and  discharges  of  silt,  fertilizers,  and 
pesticides  from  farms  in  the  drainage  basin. 

DISCUSSION 

All  10  species  of  fishes  investigated  are  considered  to  be  endangered  in  Illinois.  All  are 
in  danger  of  extirpation  because  of  human-caused  habitat  degradation.  Localities  for 
surviving  populations  are  identified  for  eight  of  the  species:  river  chub,  bigeye  chub,  pal¬ 
lid  shiner,  pugnose  shiner,  blacknose  shiner,  weed  shiner,  northern  madtom,  and  harle¬ 
quin  darter.  Recent  records  of  the  northern  brook  lamprey  in  Illinois  are  lacking;  how¬ 
ever,  it  is  a  difficult  species  to  locate  and  is  present  in  the  Kankakee  River  upstream  of 
Illinois.  In  our  opinion,  it  is  likely  to  persist  in  the  Illinois  portion  of  the  Kankakee  River. 
The  taillight  shiner  has  not  been  found  in  Illinois  since  1988,  and  additional  efforts 
should  be  made  to  confirm  the  status  of  the  species.  In  our  opinion,  a  small  population  is 
likely  to  persist  in  Illinois,  and  the  species  should  remain  protected  as  an  endangered  spe¬ 
cies. 

Of  the  seven  species  of  crustaceans  studied,  four  are  considered  to  be  endangered.  The 
only  known  locality  in  the  world  for  the  Colmar  isopod  is  a  field  tile  south  of  Colmar  in 
McDonough  County.  This  species  has  persisted  through  the  transition  from  native  prairie 
to  croplands  and  appears  to  be  in  no  particular  jeopardy.  However,  because  only  one 
population  is  known,  the  species  should  be  considered  as  endangered.  Similarly,  the  only 
known  Illinois  population  of  the  shrimp  crayfish  occupies  Horseshoe  Lake  in  Alexander 
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County  and  is  endangered.  Horseshoe  Lake  should  be  managed  as  habitat  for  the  shrimp 
crayfish  and  other  rare  species. 

Crangonyx  anomalus  is  more  widespread  than  previously  realized  in  southeastern  Illi¬ 
nois.  However,  only  three  specimens  have  been  collected  in  the  state,  and  C.  anomalus 
should  continue  to  be  considered  an  endangered  species. 

Recent  collections  of  Caecidotea  spatulata  are  lacking,  and  it  has  been  confirmed  at  only 
one  locality  in  Illinois.  Elsewhere  it  is  known  historically  only  from  four  localities  in 
Missouri.  The  species  is  extremely  rare  throughout  its  range  and,  given  the  encroach¬ 
ment  of  mining  operations  on  the  only  known  locality  for  the  species  in  Illinois,  it  re¬ 
mains  state  endangered. 

As  now  understood  taxonomically,  Crangonyx  packardi  is  known  from  several  caves  and 
springs  in  the  Shawnee  Hills  (Zhang  1997).  The  species  is  in  no  immediate  danger  of 
extirpation  and  not  considered  endangered.  The  putative  presence  in  Illinois  of  Cran- 
gonxy  antennatus  and  Gammarus  bousfieldi  were  based  on  misidentified  specimens  and 
neither  are  residents  of  the  state. 

This  new  information  on  the  distribution  of  some  of  Illinois’  most  endangered  aquatic 
organisms  should  result  in  improved  habitat  management  and  other  protection  measures. 
For  some  species,  special  attention  should  be  given  to  the  limited  areas  in  which  they 
occur.  For  example,  Horseshoe  Lake  should  be  managed  to  benefit  the  shrimp  crayfish 
and  other  rare  species  (Page  et  al.  1992).  The  area  just  south  of  Colmar,  which  harbors 
the  only  known  population  of  the  Colmar  isopod,  should  be  considered  for  acquisition 
and  protection.  All  of  these  species  will  benefit  from  efforts  that  stop  or  reduce  habitat 
degradation.  The  negative  impacts  of  agricultural  toxicants,  siltation,  and  other  forms  of 
pollution  have  been  increased  by  the  removal  of  native  vegetation  from  riparian  zones 
and  destruction  of  wetlands,  which  would  otherwise  function  as  filters  and  reduce  the 
amounts  of  chemicals  and  silt  reaching  streams.  Re-establishment  of  native  riparian 
vegetation  would  increase  the  likelihood  of  survival  of  many  of  these  species. 
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ABSTRACT 

River  redhorse  ( Moxostoma  carinatum )  and  greater  redhorse  ( Moxostoma  valenciennesi ) 
are  suckers  that  are  widely  distributed  across  the  eastern  United  States.  Others  (Becker, 
1983;  Yoder  and  Beaumier,  1986)  suggest  that  the  distributions  of  both  species  have 
contracted  over  the  past  century  in  Illinois  and  elsewhere.  However,  in  recent  years, 
Moxostoma  valenciennesi  has  increased  its  known  range  and  abundance  in  Illinois  and  M. 
carinatum  appears  abundant  in  northeastern  Illinois.  Since  1980,  27  specimens  of  M. 
carinatum  from  10  localities  have  been  recorded  for  Illinois.  These  records  are  all  re¬ 
stricted  to  the  upper  Illinois  River  basin  and  the  Vermilion  River  basin  of  the  Wabash 
River.  Since  1980,  26  specimens  of  M.  valenciennesi  from  13  localities  have  been  re¬ 
corded  in  the  upper  Illinois  River  basin.  These  records  significantly  increase  the  known 
range  of  M.  valenciennesi  in  Illinois. 


INTRODUCTION 

The  river  redhorse  {Moxostoma  carinatum )  and  greater  redhorse  {Moxostoma  valen¬ 
ciennesi)  are  suckers  that  are  widely  distributed  across  the  eastern  United  States.  How¬ 
ever,  both  species  have  declined  in  distribution  over  the  past  century  (Becker,  1983;  Yo¬ 
der  and  Beaumier,  1986;  Parker,  1988). 

The  river  redhorse  is  listed  as  threatened  (Illinois  Endangered  Species  Protection  Board, 
1999)  and  is  considered  to  be  more  common  than  the  greater  redhorse  in  Illinois  (Smith, 
1979).  During  the  1960s  and  1970s,  M.  carinatum  was  known  to  occur  in  three  rivers  in 
Illinois:  the  Fox,  Kankakee  and  Salt  Fork  of  the  Vermilion  River  (Fig.  1).  The  former 
two  rivers  are  tributaries  of  the  upper  Illinois  River  and  the  latter  a  tributary  of  the  Wa¬ 
bash  River. 


328 


The  greater  redhorse  was  considered  to  be  extirpated  from  the  state  as  recently  as  1979 
(Smith,  1979).  Seegert  (1986)  reported  the  collection  of  a  single  large  individual  (403 
mm  total  length)  from  the  upper  Illinois  River.  This  record  was  only  the  second  for  Illi¬ 
nois;  the  other  record  was  that  of  a  single  individual  collected  in  1901  (Seegert,  1986). 
Currently,  M.  valenciennesi  is  listed  as  endangered  (Illinois  Endangered  Species  Protec¬ 
tion  Board,  1999).  Basin  surveys  and  general  collections  across  Illinois  by  biologists 
with  the  Illinois  Department  of  Natural  Resources  (IDNR)  and  the  Illinois  Natural  His¬ 
tory  Survey  (INHS)  since  1980  have  provided  additional  data  on  the  distribution  of  these 
two  rare  species. 


METHODS 

We  searched  the  INHS  database  for  records  of  vouchered  specimens  of  M.  carinatum  and 
M.  valenciennesi  from  Illinois.  Identifications  of  specimens  were  then  verified  according 
to  characters  commonly  used  to  identify  the  species  (Smith,  1979;  Page  and  Burr,  1991). 
The  standard  length  (SL)  and  total  length  (TL)  of  each  specimen  was  measured  and  the 
presence  of  tubercles  on  breeding  males  noted.  Field  notes,  if  any,  were  also  reviewed 
for  habitat  information,  collection  methods  and  other  biological  information. 

RESULTS 

Since  1980,  27  specimens  of  M.  carinatum  from  10  localities  have  been  recorded  for  Illi¬ 
nois.  These  records  are  all  restricted  to  the  upper  Illinois  River  basin  and  the  Salt  Fork 
Vermilion  River  basin  of  the  Wabash  River  (Fig.  1).  Since  1980,  26  specimens  of  M. 
valenciennesi  from  13  localities  have  been  recorded  from  the  state.  All  of  these  records 
are  from  the  upper  Illinois  River  basin  (Fig.  1)  and  they  significantly  increase  the  known 
range  of  M.  valenciennesi  in  Illinois. 

The  M.  carinatum  mean  TL  was  389  mm  and  ranged  from  71-665  mm.  The  M.  valen¬ 
ciennesi  mean  TL  was  229  mm  and  ranged  from  105-560  mm.  For  both  species,  the 
large  range  of  body  sizes  indicated  that  both  juvenile  and  adult  specimens  were  present  in 
samples  vouchered  (Table  1). 

Three  male  M.  carinatum  had  well  developed  breeding  tubercles;  one  male  was  collected 
in  May,  another  in  September  and  the  collection  date  of  the  third  male  was  unknown. 
Four  males  with  poorly  developed  tubercles  were  found  among  the  specimens  examined. 
Their  collection  dates  were  in  August,  September  and  November.  These  males  ranged 
from  382-653  mm  TL.  No  specimens  of  M.  valenciennesi  had  breeding  tubercles. 

DISCUSSION 


Distribution 

Historically,  there  are  few  records  of  M.  carinatum  and  M.  valenciennesi  in  Illinois  com¬ 
pared  to  the  other  redhorses  (Forbes  and  Richardson,  1909;  Smith,  1979).  Possibly  these 
two  species  were  very  rare  in  the  state  or  were  difficult  to  capture  using  earlier  sampling 
methods.  Yoder  and  Beaumier  (1986)  noted  a  similar  situation  for  these  same  two  spe¬ 
cies  in  Ohio.  They  concluded  that  newer  sampling  methods  were  more  effective  in  de- 


329 


tecting  the  presence  of  these  species  and  that  the  species  were  always  present  in  some 
areas  of  Ohio.  Although  the  river  and  greater  redhorses  may  have  been  under-sampled  in 
earlier  surveys,  the  use  of  electroshocking  methods  since  the  1980s  in  Illinois  still  indi¬ 
cate  that  both  species  are  rare  in  the  state. 

The  distribution  of  M.  carinatum  was  larger  in  Illinois  before  1907  than  at  present  (Fig. 
1).  Currently,  the  species  is  restricted  to  the  upper  Illinois  River  and  Vermilion  River  (of 
the  Wabash  River).  Despite  extensive  sampling  in  the  upper  Illinois  River  and  Vermilion 
River  (of  the  Wabash  River)  basins  by  Forbes  and  Richardson  (1909),  they  found  no  re¬ 
cords  for  these  species  in  these  areas.  Although  their  methods  may  have  under-sampled 
this  species,  the  high  number  of  samples  suggests  that  at  least  some  specimens  should 
have  been  taken  if  the  species  was  present. 

The  greater  redhorse  was  known  only  from  one  locality  in  Illinois  prior  to  1980.  Given 
that  this  area  was  well  sampled  before  1980  by  Forbes  and  Richardson  (1909)  and  Smith 
(1979),  the  species  may  never  have  been  common  in  Illinois.  It  appears  that  the  species 
is  more  common  now  in  Illinois  than  in  the  last  100  years.  This  trend  is  quite  unexpected 
since  many  species  of  fishes  have  declined  in  abundance  during  this  time  period.  Some 
specimens  may  have  been  misidentified  as  another  species  of  redhorse  although  this 
seems  unlikely  because  redhorses  in  the  INHS  collection  have  been  re-examined  by  vari¬ 
ous  ichthyologists,  including  Dr.  Robert  Jenkins  (Roanoke  College)  who  specializes  in 
the  systematics  of  Moxostoma.  Dr.  Jenkins  discovered  the  only  previously  known  speci¬ 
men  of  greater  redhorse  in  the  INHS  collection.  It  was  initially  identified  as  a  golden 
redhorse  ( Moxostoma  erythrurum). 

Both  species  have  suffered  from  poor  water  quality  and  habitat  destruction  throughout 
their  range  (Becker,  1983).  Siltation  and  other  forms  of  water  pollution  probably  reduced 
the  distribution  of  the  river  redhorse  in  Illinois  and  the  abundance  of  the  greater  redhorse 
in  northeastern  Illinois.  It  is  surprising  that  both  species  have  survived  in  the  upper  Illi¬ 
nois  River  system  as  much  of  this  area  has  been  severely  impacted  by  pollution  from  the 
Chicago  area.  Recently,  many  parts  of  this  area  were  largely  devoid  of  fish  and  mussel 
life  although  populations  are  now  recovering  (Sietman  et  al.,  2001).  Viable  populations 
probably  survived  in  the  Fox  and  Kankakee  Rivers,  two  tributaries  just  outside  of  the 
Chicago  region. 

Size,  Ecology  and  Life  History  Observations 

Based  on  age  estimates  in  Wisconsin  (Becker,  1983),  the  smallest  specimens  of  river  red¬ 
horse  (71-115  mm  TL)  were  about  1  year  old.  The  wide  and  even  distribution  of  speci¬ 
mens  suggested  a  number  of  overlapping  size  classes.  The  largest  specimens  were  likely 
11  or  12  years  old.  The  largest  specimen  (66  cm  TL)  was  less  than  the  largest  reported 
size  (77  cm  TL,  Becker,  1983;  Page  and  Burr,  1991). 

Age  estimates  for  the  greater  redhorse  in  Wisconsin  by  Becker  (1983)  were  variable  and 
dependent  on  where  the  samples  were  taken.  In  light  of  this,  the  smallest  specimens 
(105-164  mm  TL)  were  about  2  years  old.  Again,  the  wide  and  even  distribution  of 
specimens  suggested  a  number  of  overlapping  size  classes.  The  largest  specimens  were 
likely  7  or  8  years  old.  The  largest  specimen  (56  cm  TL)  was  less  than  the  largest  re- 
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ported  sizes  (64-80  cm  TL,  Jenkins  and  Jenkins,  1980;  Becker,  1983;  Page  and  Burr, 
1991). 

We  were  unable  to  obtain  field  notes  associated  with  any  of  the  river  redhorse  specimens. 
However,  locations  recorded  in  species  records  are  in  medium-sized  streams  that  typi¬ 
cally  have  high  gradients  and  rocky  substrates  (Fig.  1,  Smith,  1971).  This  stream  prefer¬ 
ence  is  typical  for  the  species  studied  in  areas  outside  of  Illinois  (Becker,  1983;  Parker, 
1988).  The  youngest  vouchered  specimens  are  from  the  Kankakee  River.  These  recently 
collected  specimens  (1985  and  1989)  suggest  that  the  M.  carinatum  is  actively  reproduc¬ 
ing  in  the  river. 

Field  notes  from  two  collections  of  greater  redhorse  gave  a  fairly  detailed  description  of 
two  sites  on  Aux  Sable  Creek,  Grundy  County.  Mean  widths  of  the  sites  were  9  and  15 
m.  Width  was  variable  as  it  reflected  the  mix  of  pools  and  riffles.  Both  sites  were  domi¬ 
nated  by  a  hard  substrate  that  consisted  primarily  of  gravel,  cobble  and  bedrock.  One  site 
had  a  minor  proportion  of  sand.  Aside  from  the  prominent  rocky  substrate,  both  sites  had 
an  abundance  of  water  willow,  Justicia  americana.  The  presence  of  juveniles  suggests 
that  the  species  reproduces  in  the  area.  Juveniles  were  found  in  one  other  basin,  the 
Vermilion  River,  Livingston  County  (Fig.  1).  Lack  of  juveniles  from  other  areas  suggests 
that  these  two  areas  are  important  to  maintaining  the  populations  of  M.  valensiennesi  in 
Illinois. 
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Figure  1.  The  distribution  of  river  redhorse  ( Moxostoma  carinatum )  and  greater  redhorse 
( Moxostoma  valenciennesi )  in  the  state  of  Illinois,  USA. 
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Table  1.  Size  distribution  (total  length  in  mm)  of  Moxostoma  carinatum  and  Moxostoma 
valenciennesi  based  on  specimens  examined  in  the  INHS  fish  collection. 
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ABSTRACT 

We  studied  the  courtship  and  copulation  of  Phidippus  princeps  and  described  14  court¬ 
ship  and  copulatory  behaviors  for  this  species.  Phidippus  princeps  males  exhibit  many 
behaviors  typical  of  the  Salticidae,  such  as  leg  raises,  zig-zag  movement  to  approach  the 
female,  and  typical  salticid  copulatory  position.  When  receptive,  females  are  quiescent 
during  courtship.  Laboratory-reared  females  produced  as  many  as  three  fertile  egg  sacs 
with  clutch  sizes  decreasing  in  successive  sacs  and  time  required  from  oviposition  to  spi- 
derling  emergence  increasing  in  successive  sacs.  Phidippus  princeps  males  required 
fewer  molts  to  mature  than  females,  and  carapace  width  and  length  and  spiderling  weight 
increased  in  each  successive  instar. 


INTRODUCTION 

Biological  communication  is  defined  as  actions  on  the  part  of  one  organism,  sender,  that 
alter  the  probability  of  response  in  another  organism,  receiver  (Wilson,  1975).  Courtship 
is  a  type  of  heterosexual  communication  that  precedes  copulation  (Robinson,  1982),  and 
it  is  generally  elaborate  within  the  Araneae  (Suter  and  Renkes,  1984).  Courtship  func¬ 
tion  has  been  the  center  of  much  research  and  is  generally  thought  to  operate  in  con- 
specific  recognition  (Robinson  and  Robinson,  1980;  Suter  and  Renkes,  1984)  or  serve  as 
a  forum  for  sexual  selection  (Forster,  1982).  Male  spiders  engage  in  pre-copulatory  dis¬ 
plays,  despite  costs  of  time,  energy,  and  visibility  to  predators,  thus  allowing  females  to 
assess  male  fitness  (Jackson,  1981).  The  family  Salticidae  (jumping  spiders)  includes 
4,400  described  species,  making  it  the  largest  family  within  the  Araneae  (Foelix,  1996); 
however,  biological  information  on  many  species  is  lacking.  Specifically,  courtship  be¬ 
havior  has  only  been  described  for  a  small  fraction  of  salticid  species  (Jackson,  1978, 
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1982b).  Our  study  provides  the  first  description  of  the  courtship  and  copulatory  behavior 
of  the  salticid,  Phidippus  princeps. 

Spiders  typically  produce  multiple  egg  sacs,  and  the  first  egg  sac  usually  has  the  largest 
clutch  size  (Preston-Mafham  and  Preston- Mafham,  1984).  Male  spiders  are  generally 
smaller  than  females  and,  therefore,  require  fewer  molts  to  mature  (Foelix,  1996).  We 
examined  the  reproductive  biology  of  P.  princeps ,  which  involved  determining  clutch 
size,  time  between  oviposition  events,  and  number  of  egg  sacs  produced.  Lastly,  since 
developmental  data  on  P.  princeps  has  not  been  previously  described,  we  determined  the 
developmental  times  of  spiderlings  from  emergence  to  maturity  and  recorded  the  number 
of  molts  required  to  reach  maturity.  We  measured  carapace  width  and  length  and  spider- 
ling  weight  in  each  instar  to  determine  whether  these  measurements  are  accurate  predic¬ 
tors  of  instar.  Hagstrum  (1971)  has  shown  carapace  width  to  be  an  accurate  indicator  of 
instar  in  lycosid  spiderlings. 


METHODS  AND  MATERIALS 

We  collected  immature  P.  princeps  from  a  restored  prairie  at  the  Rock  Springs  Center  for 
Environmental  Discovery,  Macon  County,  IL  from  August  -  October  1997  and  1998. 
These  spiders  and  all  subsequent  offspring  were  maintained  in  a  laboratory  at  Millikin 
University.  We  housed  each  spider  individually  in  a  12.0  cm  diameter  petri  dish  and,  as 
spiders  matured,  we  moved  each  one  into  a  15.0  cm  diameter  petri  dish.  We  supplied 
water  daily  via  a  moist  cotton  ball  and  fed  the  spiderlings  fruit  flies,  Drosophila  mela- 
nogaster,  and  houseflies,  Musca  domestica,  three  times  per  week.  Drosophila  mela- 
nogaster  were  provided  to  smaller  spiders  and  M.  domestica  to  larger  spiders.  Although 
we  could  not  control  how  much  prey  each  spiderling  consumed,  we  offered  each  individ¬ 
ual  within  an  instar  the  same  amount  and  type  of  prey  (Table  1).  Upon  maturity  of  field- 
collected  spiders,  we  exposed  females  to  males  daily  until  females  were  receptive.  Unre- 
ceptive  females  retreated  or  lunged  at  males.  In  contrast,  receptive  females  remained 
stationary  as  males  approached.  Upon  receptivity  of  field-collected  spiders,  we  intro¬ 
duced  a  virgin  male  into  a  virgin  female's  arena,  and  recorded  all  courtship  and  copula¬ 
tory  behaviors  exhibited  by  males.  Since  receptive  females  were  generally  quiescent, 
only  moving  to  keep  males  in  their  visual  field,  only  male  courtship  was  analyzed.  We 
defined  courtship  as  the  behaviors  preceding  mating,  and  copulation  as  actual  palpal  in¬ 
sertion  by  males.  We  ended  trials  when  physical  contact  between  the  pair  was  broken. 
We  observed  34  mating  pairs,  and  we  did  not  use  individual  spiders  more  than  once  in 
mating  trials.  Following  the  procedure  used  to  analyze  linyphiid  courtship  (Willey  and 
Adler,  1994),  we  transcribed  behavioral  acts  into  a  first-order  preceding-following  transi¬ 
tion  matrix  and  calculated  expected  values  and  standard  normal  deviates  for  individual 
transitions.  We  used  a  binomial  test  to  analyze  standard  normal  deviates  and  determine 
which  transitions  occurred  at  a  frequency  greater  than  that  expected  by  chance  (Bishop,  et 
al,  1975;  Fagen  and  Young,  1978).  We  then  constructed  an  ethogram  on  the  basis  of 
transitions  with  significance  at  P  <  0.05. 

We  analyzed  all  reproductive  and  developmental  data  on  the  offspring  of  the  above 
crosses  using  ANOVA.  Where  significant  differences  were  detected,  we  performed  post- 
hoc  comparisons  using  Tukey's  HSD,  a  pairwise  comparison  within  the  testing  group.  To 
determine  clutch  size  for  each  egg  sac,  we  counted  the  number  of  unhatched  eggs,  num- 
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ber  of  embryos,  and  number  of  spiderlings  from  successive  sacs.  We  recorded  time  be¬ 
tween  successive  oviposition  events  and  time  required  from  oviposition  until  emergence 
of  the  first  spiderling  from  each  egg  sac.  We  also  recorded  the  number  of  molts  required 
to  reach  maturity  for  males  versus  females  and  the  length  of  time  spent  in  each  instar. 
We  were  unable  to  sex  immature  spiders  since  external  reproductive  structures  do  not 
become  obvious  until  the  penultimate  (males)  or  adult  (females)  stage;  therefore,  data  for 
immature  spiders  represent  males  and  females  combined.  Within  36  hours  of  molting, 
we  weighed  each  spiderling  and  measured  its  carapace  width  and  length.  Since  the  first 
instar  is  spent  within  the  egg  sac,  we  report  all  data  for  instars  two  -  maturity. 

RESULTS 

When  males  were  introduced  into  a  female’s  arena,  the  initial  response  of  both  spiders 
was  to  orient  toward  the  conspecific.  Following  initial  orientation,  we  described  14  be¬ 
havioral  acts  associated  with  courtship  and  copulation  of  male  P.  princeps  (Figure  1): 

Tap  Palps  on  Female  Silk 

Male  alternately  touches  right  and  left  palps  to  female's  silk  retreat. 

Front  Legs  90° 

Male  simultaneously  raises  front  legs  to  a  90°  angle  from  cephalothorax. 

Tap  Palps  on  Arena 

Male  alternately  touches  right  and  left  palps  to  bottom  of  testing  arena. 

Front  Legs  45° 

Male  simultaneously  raises  front  legs  to  a  45°  angle  from  cephalothorax. 

Zig-Zag 

Male  simultaneously  raises  front  legs  to  a  45°  angle  from  cephalothorax  and  moves  in  a 
back-and-forth  motion,  while  approaching  the  female  and  moving  around  her  in  a  semi¬ 
circle.  Male  intermittently  adopts  a  hunched  position  between  zig-zag  motions. 

Initiate  Leg  Contact 

Male  approaches  female  and  contacts  female  cephalothorax  with  front  legs.  Front  legs 
are  held  parallel  in  an  out-stretched,  frontal  position.  Male  body  is  initially  held  in  a  low 
posture. 

Climb  on  Female  Dorsum 

Male  climbs  on  female  carapace  or  dorsum  of  abdomen  and  remains  motionless. 

Reverse 

After  male  climbs  on  female  abdomen,  he  turns  180°  to  position  his  cephalothorax  over 
female  abdomen;  male  and  female  are  facing  opposite  directions. 
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Rotate  Female  Abdomen 

Male  grasps  and  lifts  female  abdomen  with  front  legs  while  simultaneously  turning  ab¬ 
domen  clockwise  or  counter-clockwise.  Female  abdomen  is  rotated  clockwise  for  inser¬ 
tion  of  left  palp  and  counter-clockwise  for  insertion  of  right  palp. 

Insert  Left  Palp 

Male  inserts  left  palp  into  female  epigynum.  Male  and  female  are  facing  opposite 
directions  with  the  male  positioned  over  the  female  dorsum  and  leaning  to  his  left. 

Insert  Right  Palp 

Male  inserts  right  palp  into  female  epigynum.  Male  and  female  are  facing  opposite 
directions  with  the  male  positioned  over  the  female  dorsum  and  leaning  to  his  right. 

Crossover 

Male  removes  palp,  rotates  female  abdomen  in  opposite  direction,  and  inserts  other  palp. 

Tap  Palps  on  Female  Abdomen 

Male  alternately  touches  right  and  left  palps  to  dorsum  of  female  abdomen. 

Break  Contact 

Male  or  female  ends  physical  contact. 

Female  P.  princeps  oviposited  up  to  three  egg  sacs.  There  were  no  significant  differences 
in  number  of  unhatched  eggs  (P  =  0.192,  F  =  9.960,  df  =  2),  number  of  embryos  (P  = 
0.532,  F  =  0.652,  df  =  2),  or  number  of  spiderlings  (P  =  0.065,  F  =  3.15,  df  =  2)  in  suc¬ 
cessive  egg  sacs  (Table  2);  however,  there  was  a  strong  trend  for  clutch  size  to  decrease 
in  successive  sacs.  There  was  a  significant  difference  in  the  time  between  all  oviposition 
events  (P  <  0.0001,  F  =  9.960,  df  =  2),  and  in  time  from  oviposition  to  emergence  of 
spiderlings  (P  <  0.001,  F  =  11.541,  df  =  2),  with  emergence  time  increasing  in  successive 
egg  sacs  (Table  3). 

Since  there  were  no  significant  differences  in  the  number  of  days  spent  within  a  particular 
instar  for  spiderlings  of  successive  sacs  (P  =  0.07,  F  =  1.987,  df  =  2),  we  combined  de¬ 
velopmental  data  for  all  sacs.  Upon  analysis  of  combined  data,  there  was  a  significant 
difference  in  the  number  of  days  spent  in  successive  instars  (P  =  0.0001,  F  =  126.541,  df 
=  4),  with  the  exception  of  the  second  and  third  instars  (P  =  0.217,  F  =  126.541,  df  =  4) 
(Table  4).  The  fifth  instar  had  the  longest  duration. 

Carapace  length  (P  <  0.0001,  F  =  2545.056,  df  =  8)  and  width  (P  <  0.0001.  F  =  1776.529, 
df  =  8),  as  well  as  spiderling  weight  differed  significantly  among  all  instars  (P  <  0.0001, 
F  =  1607.952,  df  =  8)  (Table  5),  with  each  successive  instar  being  larger  and  heavier. 

DISCUSSION 

Conspecific  communication  in  spiders  primarily  occurs  through  olfactory,  tactile,  audi¬ 
tory,  or  chemical  pathways  with  vision  having  a  minor  role  in  the  courtship  of  most  spi¬ 
ders  (Jackson,  1978).  Vision  has  a  more  prominent  role  in  the  salticidae  (Land  1972, 
1982,  1985;  Forster,  1982).  Salticids  have  one  of  the  most  highly  developed  visual 
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senses  among  the  invertebrates  (Jackson,  1978),  and  their  courtship  signals  are  primarily 
visual  (Forster,  1982).  Salticids  are  sexually  dimorphic  with  males  often  possessing 
elaborate  morphological  structures  and  bright  colors,  while  females  generally  lack  these 
features  (Jackson,  1982b). 

Evolutionary  convergence  is  indicated  by  the  similarity  of  salticid  displays  (Jackson, 
1983).  The  behaviors  described  for  P.  princeps  are  characteristic  of  courtship  behaviors 
described  for  heterospecific  salticids.  Salticids  are  noted  for  elaborate  displays  where 
males  dance,  gesture,  and  posture  for  females  (Jackson,  1981).  The  zig-zag  motion  ex¬ 
hibited  by  P.  princeps  is  characteristic  of  many  heterospecific  salticids.  For  example, 
males  of  Phidippus  femoratus,  Phidippus  johnsoni,  Habronattus  captiosus,  Hentzia  pal- 
marum ,  Marpissa  marina ,  Mopsis  mormon ,  Trite  auricoma  all  zig-zag  when  approaching 
females  (Jackson,  1978,  1982a,  1983;  Forster,  1982;  Richman,  1982;  Cutler,  1988;  Jack- 
son  et  al.,  1990).  While  zig-zagging,  salticids  exhibit  species-specific  movements  such  as 
raising  the  front  legs,  vibrating  the  palps,  or  twitching  the  abdomen  (Jackson,  1978;  For¬ 
ster,  1982;  Jackson  and  Whitehouse,  1989;  Jackson  et  al.,  1990;  Richman  and  Jackson, 
1992).  Phidippus  princeps  raised  both  front  legs  at  a  45°  angle  while  zig-zagging. 
Phidippus  princeps  generally  initiated  courtship  by  tapping  the  palps  on  either  the  fe¬ 
male’s  silk  or  on  the  arena  floor.  Female  salticids  typically  respond  to  palpal  tapping  by 
orienting  to  males  (Crane,  1949).  Another  behavior,  extending  the  forelegs  to  initiate 
physical  contact,  frequently  observed  in  P.  princeps  is  also  a  common  behavior  in  salticid 
courtship  (Jackson,  1981). 

Foelix  (1996)  defines  four  types  of  mating  positions.  In  Type  3  courtship,  the  male  is  on 
top  of  the  female  dorsum  and  twists  the  female  abdomen  between  consecutive  palpal  in¬ 
sertions.  When  the  male  switches  palps,  he  turns  the  abdomen  to  the  opposite  side.  The 
male  climbs  onto  the  female  and  positions  his  abdomen  over  the  female  cephalothorax. 
The  male  then  turns  the  female's  abdomen  to  insert  a  palp.  When  withdrawing  the  palp, 
the  male  does  a  "crossover"  and  turns  the  abdomen  in  the  opposite  direction  to  insert  the 
other  palp.  These  observations  are  all  consistent  with  the  courtship  behavior  of  P.  prin¬ 
ceps. 

Forster  (1982)  groups  courtship  behaviors  of  the  salticid  Euophrys  parvula  into  three 
stages  and  hypothesizes  that  many  salticid  species  exhibit  these  same  broad  categories. 
Stage  1  involves  orientation  of  male  and  female  toward  each  other  with  some  initial  pos¬ 
turing,  stage  2  consists  of  those  postures  and  movements  that  bring  the  pair  closer  to¬ 
gether,  and  stage  3  includes  pre-mounting  postures  common  to  all  salticids.  In  addition 
to  displaying  stage  3  behaviors,  P.  princeps  exhibited  typical  stage  1  behavior  with  ori¬ 
entation,  leg  posturing,  and  palpal  tapping  and  stage  2  behavior  with  the  zig-zag  approach 
and  leg  posturing. 

The  reproductive  biology  of  salticids  has  not  been  as  extensively  studied  as  courtship 
behavior,  but  the  development  and  reproductive  biology  of  P.  princeps  is  similar  to  that 
of  other  spiders.  Although  we  found  no  significant  differences  in  clutch  sizes  between 
consecutive  egg  sacs,  our  standard  errors  are  large,  due  to  the  large  range  in  clutch  sizes 
(6  -  70)  and  the  small  numbers  of  second  and  third  egg  sacs  produced.  Additionally,  our 
spiders  received  the  same  amount  of  prey  daily  while,  in  the  field,  prey  decreases  as  the 
season  progresses.  Clutch  sizes  in  P.  princeps  did  show  a  trend  of  decreasing  in  con- 
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secutive  sacs,  as  is  typical  of  other  spiders.  Female  Silerella  vittata  (Salticidae)  oviposit 
2-3  times  after  insemination,  and  clutch  size  decreases  significantly  between  successive 
egg  sacs  (Miyashita,  1991).  Decrease  in  clutch  size  could  result  from  limiting  factors 
such  as  sperm  viability,  number  of  eggs,  female  age,  or  limited  foraging  success. 

Time  from  mating  to  oviposition  of  the  first  egg  sacs  was  significantly  shorter  than  time 
required  for  subsequent  ovipositions,  and  less  time  was  required  for  the  third  oviposition 
event  than  the  second.  Time  from  mating  to  first  oviposition  in  Frontinella  pyramitelia 
(Linyphiidae)  was  also  significantly  shorter  than  time  of  oviposition  between  successive 
sacs  (Suter,  1990).  Female  F.  pyramitelia  synthesize  yolk  before  insemination,  therefore 
initial  oviposition  time  is  shorter  than  successive  oviposition  events.  After  the  first  ovi¬ 
position,  females  must  synthesize  new  yolk  before  subsequent  ovipositions  can  take 
place.  Phidippus  princeps  may  also  synthesize  yolk  before  insemination,  therefore  re¬ 
quiring  less  time  from  insemination  to  first  oviposition  than  that  required  for  subsequent 
oviposition  events.  Time  required  for  oviposition  into  third  egg  sacs  decreased,  but 
clutch  sizes  for  third  sacs  also  decreased  which  may  have  contributed  to  the  shorter  time 
interval.  Time  required  for  emergence  of  spiderlings  from  egg  sacs  increased  signifi¬ 
cantly  between  successive  egg  sacs  of  P.  princeps.  Eggs  produced  later  in  the  season 
may  receive  less  resources  from  females  as  they  age  or  as  prey  becomes  scarcer,  possibly 
causing  spiderlings  to  remain  within  the  protection  of  the  egg  sac  longer. 

Time  between  molts  generally  increased  in  each  successive  instar  through  the  fifth  instar 
and  decreased  in  later  instars.  As  spiderlings  increase  in  size,  the  energy  required  for 
development  also  increases,  and  later  instars  may  require  more  time  to  acquire  the  energy 
necessary  for  molting  (Hallas,  1988).  We  changed  prey  from  D.  melanogaster  to  M.  do- 
mestica  at  the  start  of  the  sixth  instar  In  addition  to  M.  domestica  being  a  larger  prey 
item,  this  is  the  first  time  spiders  received  variety  in  their  diet,  and  these  factors  may  in¬ 
fluence  instar  length.  Sample  sizes  were  also  lower  in  later  instars  since  spiderlings  in 
each  instar  experienced  some  mortality.  The  majority  of  mortality  in  all  instars  occurred 
during  molting. 

Phidippus  princeps  spiderlings  undergo  their  first  molt  within  the  protection  of  the  egg 
sac.  Pre-emergence  molting  is  also  evident  in  S.  vittata ,  with  the  second  instar  being  the 
first  observable  stage  (Miyashita,  1991).  Female  P.  princeps  required  nine  molts  to  ma¬ 
ture,  as  compared  to  the  4-6  molts  required  by  female  S.  vittata  (Miyashita,  1991).  To 
determine  whether  the  number  of  molts  varies  within  females  of  P.  princeps ,  a  larger 
number  of  spiders  should  be  reared  to  maturity.  Although  we  were  unable  to  raise  any 
males  to  maturity,  we  did  raise  seven  males  to  the  penultimate  stage.  Reaching  the  pe¬ 
nultimate  stage  required  five  molts,  indicating  that  these  males  would  mature  in  six 
molts.  This  finding  is  consistent  with  the  size  dimorphism  evident  in  most  spiders,  with 
females  generally  being  larger  than  males  (Foelix,  1996),  therefore  requiring  more  molts 
to  mature. 

Phidippus  princeps  increased  significantly  in  carapace  length  and  width  and  in  spiderling 
weight  between  consecutive  instars.  Hagstrum  (1971)  showed  that  carapace  width  in¬ 
creased  linearly  as  Tarentula  kochi  spiderlings  developed  and  could  therefore  be  used  as 
an  accurate  indicator  of  instar.  Carapace  width  is  thought  to  be  an  accurate  indicator  of 
size  because  carapace  size  remains  constant  within  an  instar,  only  changing  as  a  result  of 
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molting.  Weight  is  generally  not  an  accurate  indicator  of  instar  because  it  is  a  more 
flexible  measurement  and  varies  within  an  instar  as  a  result  of  prey  intake.  Phidippus 
princeps  showed  the  same  linear  progression  in  spiderling  weight  as  in  carapace  meas¬ 
urements  demonstrating  that  weight  is  an  accurate  predictor  of  instar  in  some  species. 
Using  weight  as  an  indicator  of  spider  instar  in  the  field  may  be  less  reliable  since  prey 
availability  will  vary. 

Courtship  behaviors  of  P.  princeps  are  similar  to  those  observed  in  other  salticids.  Type 
3  courtship  and  the  zig-zag  display  characteristic  of  salticids  were  exhibited  by  P.  prin¬ 
ceps.  Similar  to  many  spider  species,  females  required  more  molts  to  obtain  maturity 
than  males,  and  clutch  sizes  decreased  in  subsequent  egg  sacs.  Carapace  width  and 
length,  as  well  as  spider  weight,  were  accurate  indicators  of  instar  in  the  laboratory.  We 
are  currently  examining  the  reliability  of  leg  spination  as  an  indicator  of  instar  since  this 
character  does  not  vary  between  laboratory-reared  versus  field  spiders. 
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Table  1.  Feeding  regime  of  laboratory-reared  Phidippus  princeps  in  instars  2-10:  instar  1 
is  spent  within  the  egg  sac. 


Instar 

No.  of  Prey  Presented 

Prey  Species 

2-3 

1 

Drosophila  melanogaster 

4 

2 

D.  melanogaster 

5 

3 

D.  melanogaster 

6-7 

1 

Musca  domestica 

8-10 

2 

M.  domestica 

Table  2.  Clutch  sizes  (x  ±  SE)  of  consecutive  egg  sacs  constructed  by  Phidippus  prin¬ 
ceps. 


Egg  Sac 
Number 

No.  Sacs 

No.  Unhatched  Eggs 

No.  Embryos 

No.  Spiderlings 

Sac  #1 

15 

29.52  ±31.94 

5.20  ± 

9.34 

38.03  ±  24.04 

Sac  #2 

5 

10.20  ±  10.71 

8.40  ± 

5.37 

19.20  ±  7.50 

Sac  #3 

3 

3.67  ±  2.51 

1.67  ± 

1.53 

11.00  ±  2.65 

Table  3.  Days  (x  ±  SE)  between  sequential  ovipositions  and  from  oviposition  to  emer¬ 
gence  of  spiderlings  from  egg  sacs  of  Phidippus  princeps. 


Oviposition 

Events 

No.  Sacs 

No.  Days  Between 
Oviposition  Events 

No.  Days  From  Oviposition 
to  Emergence 

Mating  -  Sac  #1 

15 

14.19  ±  1.16 

41.60  ±  0.80 

Sac  #1  -  Sac  #2 

5 

47.23  ±  3.62 

47.38  ±  2.14 

Sac  #2  -  Sac  #3 

3 

23.57  ±  3.22 

61.00  ±  0.00 
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Table  4.  Days  (x  ±  SE)  required  for  development  of  Phidippus  princeps  from  instar  2  - 
maturity;  instar  1  is  spent  within  the  egg  sac. 


Instar 

No.  Spiders 

Instar  Duration 

2 

320 

11.97  ±  0.39 

3 

175 

14.43  ±  0.67 

4 

134 

22.64  ±  2.98 

5 

105 

43.17  ±  6.41 

6 

51 

33.34  ±  2.35 

7 

27 

37.80  ±  5.56 

8 

6 

24.00  ±  0.00 

9 

5 

21.00  ±  0.00 

10 

4 

19.00  ±  0.00 

Table  5.  Carapace  width  and  length  (x  ±  SE)  and  spiderling  weight  (x  ±  SE)  of  Phidip¬ 
pus  princeps  from  instar  2  -  maturity;  instar  1  is  spent  within  the  egg  sac. 

Instar 

No. 

Spiders 

Carapace  Width 
(mm) 

Carapace  Length 
(mm) 

Weight 

(mg) 

2 

320 

0.63 

± 

3.90  x  103 

0.89  ±  4.80  x  10'3 

1.00 

± 

1.27  x  10'3 

3 

175 

0.84 

± 

6.20  x  I03 
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Figure  1.  Ethogram  of  courtship  acts  for  Phidippus  princeps,  showing  significant  be¬ 
havioral  transitions  (P  <  0.05).  Values  beside  arrows  indicate  frequency  of  34 
pairs  showing  a  specific  transition. 
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BOOK  REVIEW  2002  -  #2 

Watson,  Gary  W.  and  E.  B.  Himelick.  Principles  and  Practice  of  Planting  Trees  and 
Shrubs.  1997.  xii  +  199  pages;  tables;  black  and  white  photographs;  line  drawings;  lit¬ 
erature  cited  (per  chapter);  appendices.  International  Society  of  Arboriculture  (ISA), 
Savoy,  Illinois.  Soft  Cover.  ISBN:  1-881956-18-0.  Price:  $  40.00.  Available  from  ISA- 
Champaign  Office,  P.O.  Box  3129,  Champaign,  Illinois  61826-3129 

Flowering  (angiosperms)  and  non-flowering  (gymnosperms)  trees  and  shrubs  are  mag¬ 
nificent  products  of  evolution  that  have  effectively  adapted,  over  millions  of  years,  to 
changing  environments.  They  have  genetically  diversified  into  a  large  number  of  species 
that  selectively  became  components  of  numerous  ecosystems  where  they  often  charac¬ 
terize  a  kind  of  biome  (deciduous  hardwood  forest,  tropical  rain  forest,  chaparral,  taiga, 
etc.).  Furthermore,  many  species  have  a  capacity  to  endure  harsh  environmental  changes 
resulting  from  natural  causes  and  those  imposed  by  human  activities.  Hence,  these 
amazing  organisms  of  immense  esthetic,  ecologic,  economic,  and  perhaps  sociologic 
value  demand  our  respect  and  care  everywhere.  But  they  require  special  attention  when 
planted  in  human  altered  environments  such  as  cities,  villages,  corporate  and  institutional 
campuses,  utility  and  highway  rights-of-way  and  residential  areas. 

When  trees  and  shrubs  are  suitable  for  planting  in  human  altered  environments  a  consid¬ 
erable  amount  of  information  is  needed  with  respect  to  soil  and  aerial  features  of  plant¬ 
ing  sites,  selection  of  species,  nursery  preparations  of  the  specimens,  transportation  and 
planting  methods,  and  care  after  planting.  Fortunately,  Watson  and  Himelick  have  skill¬ 
fully  brought  together  these  informational  needs,  and  much  more,  into  a  single  volume 
that  is  clearly  and  concisely  written  from  knowledge  based  on  published  research  and 
professional  experiences.  Also,  the  text  is  supplemented  throughout  with  useful  tables 
and  meaningful  illustrations. 

The  book’s  ten  chapters  are  organized  according  to  subject  matter  among  five  sections. 
This  format  is  a  noteworthy  feature  of  the  book.  As  each  section  is  directed  towards  a 
particular  concept  that  is  introduced  with  an  overview  statement  concerning  related  ques¬ 
tions  or  problems,  and  approaches  to  their  solutions.  In  addition,  each  chapter  has  its 
own  overview  statement  as  well. 

Section  I:  “Matching  Plants  to  Planting  Sites”  covers  soil  factors  (Chapter  1)  and  the  se¬ 
lection  of  species  (Chapter  2).  Species  lists  in  the  tables  of  Chapter  2  include  Latin  and 
common  names.  Section  II:  “Preparing  to  Plant”  deals  with  the  design  and  preparation  of 
planting  holes,  pits  and  large  planters  (Chapter  3);  times  to  plant  (Chapter  4);  and  what  to 
look  for  in  selecting  quality  specimens  (Chapter  5).  Section  III:  “The  Planting  Process” 
starts  at  the  growing  field  with  aspects  of  digging,  handling  and  storage  of  specimens 
(Chapter  6);  and  preparing  the  planting  hole,  backfilling,  pruning  and  other  related  items 
(Chapter  7).  Section  IV:  “Establishment”  covers  one  of  the  most  important  aspects  of 
tree  and  shrub  planting  success,  that  is  the  rapid  development  of  the  root  system.  Here 
the  authors  provide  basic  and  practical  information  on  the  process  of  new  root  growth  and 
methods  for  improving  the  process  (Chapter  8).  Also,  the  section  includes  a  discussion 
on  the  concept  of  post-planting  stress  and  its  duration  (Chapter  9).  Section  V:  “Care  Af¬ 
ter  Planting”  treats  watering,  fertilization,  mulching,  trunk  protection,  pruning  and  pest 
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control  (Chapter  10).  The  appendices  provide  additional  information  on  “Common 
Problems  of  Recently  Planted  Trees”,  “Definitions”  of  nine  terms  used  for  nursery  stock, 
“Watering  Trees  and  General  Tree  Care”  and  a  “Guide  for  Developing  Planting  Specifi¬ 
cations.”  An  index  is  lacking,  but  most  items  of  interest  can  be  found  readily  by  scanning 
the  subheadings  under  the  chapter  titles  in  the  table  of  contents  and  subsequently  bold¬ 
faced  in  the  text. 

Even  after  having  taught  botany  courses  for  over  thirty  years,  I  enjoyed  reading  Princi¬ 
ples  and  Practice  of  Planting  Trees  and  Shrubs,  learned  a  great  deal  and  appreciated  see¬ 
ing  practical  applications  of  basic  knowledge  from  plant  anatomy,  plant  physiology  and 
plant  ecology.  The  authors  achieved  their  objective  of  providing  a  book  with  basic  and 
practical  information  that  will  help  landscape  professionals  and  non-professionals  to  suc¬ 
cessfully  plant  trees  and  shrubs.  Besides  being  a  must  for  arborists,  landscape  contractors 
and  other  related  professionals,  this  book  is  needed  by  grounds  persons  and  others  who 
are  responsible  for  selecting,  planting  and  maintaining  trees  and  shrubs  on  private  and 
public  properties.  In  addition,  homeowners  planning  projects  using  trees  and  shrubs 
would  do  well  to  obtain  this  book. 

Reviewer:  James  R.  Rastorfer,  Professor  Emeritus  of  Botany,  Department  of  Biological 
Sciences,  Chicago  State  University,  9501  South  King  Drive,  Chicago,  IL  60628 

Note:  For  matters  concerning  book  reviews  please  contact  James  R.  Rastorfer,  Book  Re¬ 
view  Editor 
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